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EDITOR'S PREFACE TO THE SECOND EDITION 


A new English edition of von Zittol's Text-book of Paleontology having been 
called for, advantage was taken of the opportunity to prepare a thorough- 
going revision of the first volume, in order that an adequate account might 
he incorporated of the new knowledge that has been gained during recent 
years. 

Towards I his end, a number of specialists were invited to collaborate with 
the Editor in preparing a fresh treatment of the leading groups of Inverte- 
brates, and the present work boars witness to the generous response that was 
made to this invitation. Many parts of the work have been entirely re- 
written, others have been emended, rearranged and enlarged, and the 
classification in various places has been very considerably altered. The new 
work, therefore, cannot with either justice or propriety be called von 
Ziltels Tex t'hook, being in e fleet a composite production; and yet in scope 
and style it is modelled after the well-known German original. 

The names of the different collaborators appear on the title-page, and the 
sections that have been revised or rewritten are credited in the body of the 
work to the specialists responsible for them. To all of his collaborators 
the Editor desires to oiler grateful acknowledgments, and to express the 
sense of his own personal indebtedness to thorn for the large service they have 
rendered, and for many individual courtesies. 

To his friend and former associate at Harvard, Doctor Robert Tracy 
Jackson, the Kditor is under an obligation greater than can be adequately 
acknowledged ; for besides having contributed practically a fresh account of 
the Echini, Dr* Jackson has carefully road the proofs of the entire work, and 
has offered in many places most valuable suggestions and emendations. Like 
several of the other collaborators, .also, he has furnished the originals for a 
number of new figures. The total number of fresh illustrations has thus been 
sensibly increased. It is hoped that the large amount of painstaking work 
which has been bestowed upon the present treatise will be found to yield 
returns in increased value and usefulness among students of Paleontology 
generally. 

CHARLES R. EASTMAN. 

OAKNKUtft MUSEUM, PnTHIlMoil, 

PKNXHYt/VANrA, June fi, 191U. 
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ORIGINAL AUTHOR’S PREFACE 


Duo onglisohe Ausgabo inoinor Gmndziigo der Palaoontologie hat ein vom 
doutsehon Original in verschierionor ITiusicht abweichende Gestalt erhalten. 
Dor Honiusgobor, mein Freund nnd ohomaliger ►Schuler Dr. Eastman, suchte 
mit inoinor ZuHtinnmmg cine An wild dor hervorragendsten Spccialisten fur 
die Bearboitung einzelner Thiorelassen zu gewinnen. Dadurch orfuhr das 
Work eino griindtioho und sachkundige Uoborarbeituug, welche sich namentlich 
im Detail vorthoilhaft goltend macht und manohorloi IiTthiimor der deutschen 
Ausgabo buseitigte. Kitr dieso unihovollo und aufopforndo Arbeit bin ieh den 
Mitarboitorn don Text- Book m grossom Dank verpfiichtefc. 

A Holdings wurdo dureh die Bothoiligung ciner grbssoron Anzahl von 
Au boron, doron Anschanungen in systematischen Fragon nicht immer unter 
oinandor und mit donon dos Autors der deutschen Auagabe in Einklang standen, 
die Kinhoitlichkoit dos Workos nicht unorheblieh gestort. undauch der ursprhng- 
lieho IJmfang voraohiodenor Abschnittc bedeutend Uberschritton ; allein dies© 
Nachthoilo dilrfton durch die Horgfiil tiger e Durcharboitung des eigentlichen 
S to fibs reichlich ansgeglichen sein. 

Die Revision der Orinoideen hatto der verstorbone Herr Charles Wachsmuth 7 
jone dor Astoroideon und Eehinoidcon Herr IF. Percy Bladen ubornommen. 
AbgeHohen von einigon Abiinderungon, welche mehr terminologische als' 
aaohlicho Fragon bolroffon, wurde in dioson Abtheilungen eine weit voll- 
atiindigoro Aufziihhmg und Charakteriwierung der fossilen Gattungen durch- 
gofiihrt, als in dor deulBchon Ansgabo. Weitergohende Umgostaltung erfuhr 
die Clasao <ler Bryozoen durch Ilorrn E. 0. Ulrich . Dio palaozoischen Formen 
sind von diosom ausgezeichneton Kenner mit einor Ausfiihrlichkeit behandelt* 
welche nicht ganz mit dor Darstellung anderer Abtheilungen in Einklang 
stcht. Audi die Transferierung der borcits bei den Korallon abgehandelten 
Chaefceiidon und Fistuliporiden zu den Bryozoon und die dadurch veranlasste 
doppelte Darstellung dersclbon ist# eine Incongruous, welche sich nur durch die 
Meinungsverschiodenhoit iibor die zoologisehe Stoilung dieser ausgestorhenen 
Organismon entsclmldigon liisst. 

Eine durchgroifende Umarboitung habon die Brachiopoden durch Herrn 
Charles Schuchert erfahren. Wiihrend sich die deutsche Ausgabo mehr auf die 
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Werke und Anschauungen von Thomas Davidson siutzt, folgt die engliselm 
Uebersetzung sowohl in der Auffassung der Gattungen und Familien, als auoh 
in den systematischen Principien den neusten Arbeiten von James Hall \ J. M . 
Clarke , und C. E. Beecher. Die systematischen Hauptgruppon sollen liier 
zugleich entwicklungsgoschichtlichen Phasen ontsproohen und das gauze 
System den Anforderungen des biogenetischon Grundgosetzes genugen. Von 
ahnlichen Gesichtspunkten wurden auch Professor Beecher bci der Bearbeitung 
der Trilobiten und Professor Hyatt bei jenor der Ce])halopoden geleitot. Ms 
ist mir zweifelhaft, ob die Zeit zu oiner durchgreifenden Reform der bio- 
logischen Systematik, bei welcher weniger morphologisehe und vorgleiohend- 
anatomische Merkmale, als embryologische und phylogenctisehe Uesiohtspunkte 
im Yordergrund stehen, jetzt schon gekommen ist; alloin jodenfalls audit. die 
in Nord Amerika gegenwartig herrschendo Stromung auf einem neuen Weg 
zur Wahrheit zu gelangen und eine die genealogisclien Bezielmngen doutlidior 
wiederspiegelnde Systematik zu erzielen. 

Bei den Pelecypoden hat Herr Dr. IF.H. Dali die (lurch Neumayr oingefiihrt.cn 
und in den Grundzugen mit einigen Modificationen angenommenen Grtippen 
durch seine eigene, auf langjiihrige Spezialuntcrsuchungon basirte Mintheilung 
ersetzt. Die Scaphopoden, Amphineuron, Gastropoden und Ptoropoden 
wurden von Herrn Professor H. A. Pilsbry , die Cmstaccen mit Ausnahme der 
Trilobiten und einiger anderer Gruppen von Professor J. H. Jutiysle? /, und die 
iibyigen Avthropoden von meinem langj&hrigon Mitarboiter und Freund 
Professor S. H . Shudder in sachkundigstcr Weiso durchgesehen. 

Fur den wichtigen Abschnitt dor Cephalopoden trilgt Herr Professor 
Atyheus Hyatt, die Yerantwortlichkeit. Hier treten die Ditfbronzen mit der 
deutschen Ausgabe am auffall ends ten zu Tago, vertritt doeh dieser Autor am 
entsehiedensten die moderne Richtung in Amerika. 01>wohl inoine An- 
schauungen uber verschiedene Grundprinzipion dor Systematik, narnentlich 
Tiber Abgrenzung von Familien, Gattungen und Arton von douen memos 
amerikanischen Oollegen abweichen, so glaubto ich doeh einem so horvorra- 
genden Kenner der fossilen Cephalopoden bei der Bearbeitung des von ihm 
iibernommen Abschnittes vollig freie Hand lassen zu nutation* Das Tmxt- 
Book ist dadurch um eine werthvollo Originalarboit boreiehert worden, welehe 
viele bis jetzt noch nicht verdffentlichte Thatsachen ontbalt. 

Zu ganz besonderem Dank bin ich deni Uerausgeber der onglisehen 
Ausgabe Herrn Dr. C. B. Eastman verpfiichtet. Er hat koine Muhe gotichout, 
das Werk mit den neusten Ergebnissen der palaontologischen Forflchung in 
Einklang zu bringen und den Fortgang derselbon zu fordorn. 

Dr. KARL A. von ZITTBL. 


MOnoiien, im September 1899. 



EDITOR'S PREFACE TO THE FIRST EDITION 


The (/t'HHtktfffe dvr Pnhtmifoloyh’, which forms the basis of the present work, 
was published in the spring of 1895, only a short time after the completion 
of the fifth and last volume of Professor von Zittel’s celebrated Ilandbuch der 
Ihihu'onUdot/w. Of the latter, an excellent translation exists in French by 
Parrois ; but English-speaking students are without either an independent 
treatise on Paleontology or translation from any foreign work, which is 
comparable in scope and character to the writings of von Zittel. 

With the hope of supplying this deficiency the Editor undertook the task 
of rendering the UruutbiUj* into English. It was at first intended to bring 
out a strictly literal translation, but with the Author’s consent this plan was 
modified in important respects which should be clearly understood by all. 
The chapters on Protozoa and Ooelenterata stand here essentially as in the 
original, but nearly all the remaining chapters have been remodelled, enlarged, 
and brought as nearly as possible up to date by a selected body of experts. 

The greater part, of the work is theroforo a composite production, and 
from the nature of the case some incongruities in stylo and treatment are to 
be expected. For all the collaborators to havo adhered to uniform limits of 
alteration and expansion would havo been impossible. It will be found, 
therefore, that some portions of the revised text are not sensibly different 
from the original while others are changed very radically, and a few chapters, 
notably the Molluscoidea, Mollusca, and Trilobites, are entirely rewritten. An 
effort has been made throughout to adapt the text more especially to the 
needs of Anglo-American students, and the bibliographies have been enlarged 
with similar intent. 

For all changes in the classification over the original the revisers of the 
different sections are responsible ; but although radical departures have been 
made with the Author’s sanction, one must by no means presume he is thereby 
committed to all the innovations which arc set forth. How far and whether 
in all cases the system has been improved must be left for experience to 
determine. The Author’s graciousness, however, in yielding his own prefer- 
ences on systematic points will bo apparent on reading his annexed preface. 

Duo acknowledgments are rendered the collaborators in the Author’s 
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preface, and also in footnotes at the end of the several chapters. Their 
names are enumerated below in the order of their respective sections, and the 
Editor begs to express at this time a sense of his profound appreciation of the 
services that have been so generously rendered. For the many personal 
courtesies extended, he would return to each of them his sincere and hearty 
thanks. 


LIST OF COLLABORATORS 

Mr. Charles Wachsmuth, Q nutrition, Elasfoidra. 

Mr. W. Percy S laden, Aster ozoa, Erhmowm. 

Dr. Geo roe Jennings Hinpe, Vermes. 

Mr Edward O. Ulrich, JJryoxoa, Ostracoda . 

Mr. Charles Schuohert, Jharlriopoda. 

Dr. William H. Dall, Pdecypoda. 

Prof. Henry A. Pilsbiiy, Gastropoda. 

Prof. Alpheub Hyatt, Cephalopoda. 

Prof. Charles E. Beecher, Tnlohita. 

Prof. John M. Clarke, Encrust area (pa/s), A cent! a (pars). 

Prof. John S. Kingsley, Enermtarea (pan s), Acerata (pars). 

Prof Samuel H. Scudder, Insert a. 

The Editor is also greatly indebted to his friend Dr. John 0. Merriam, 
who undertook the translation of the entire chapter on Mollusoa, a very 
laborious work. Dr. Morriam’s assistance has been further enlisted in the 
translation of the second volume, which will be devoted exclusively to the 
Yertebrates. Dr. August F. Focrste was kind enough to furnish a transla- 
tion of the chapter on Insects, and various friends have assisted in correcting 
proofs. For the compilation of the index the Editor is indebted to Miss 
Elizabeth B. Bryant, a former student of his at Tiadcliffe College, and to 
his brother, Mr. David P. Eastman. 


Harvard University, 
September 15 , 1899 . 


CHARLES K. EASTMAN. 
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INTRODUCTION 


DEFINITION AND SCOPE OF PALEONTOLOGY 


Paleontology (Aoyos' r<?> v vuXu.ua v ovt(ov) is the science which treats of 
the life which lias existed on the globe during former geological periods. It 
deals with all questions concerning the structure, classification, relationships, 
descent, conditions of existence, and distribution in time and space of the 
ancient inhabitants of the earth, as well'as with those theories of organic and 
cosmogonic evolution which result from such inquiries. 

Under the term of fossil* arc understood all remains or traces of plants 
and animals which have lived before the beginning of the present geological 
period, and have become preserved in the rocks. The criterion which 
determines the fossil character of organic remains is the geological age of the 
formation in which they occur, whereas their mode and state of preservation, 
or the fact of their belonging to extinct or to still living species, are merely 
incidental considerations. / Although fossils have, as a rule, undergone more 
or loss radical changes during the process of fossilisation, and are usually 
transformed into mineral substances, nevertheless, sunder exceptionally 
favourable conditions (as in frozen ground, amber, resin, peat, etc.), plants 
and animals may bo preserved through geological periods in a practically 
unaltered state. / Carcasses of mammoths and rhinoceroses entombed in the 
frozen mud-cliffs of Siberia, and inclusions of insects, spiders and plants in 
amber are none the less genuine fossils, in spite of their having sustained no 
trace whatever of mineral infiltration. 

A considerable number of plants and animals occurring as fossils in Tertiary 
and Pleistocene formations belong to still living species ; while, on the other 
hand, the remains of forms which have become extinct during historical times 
(Bhijtim, Aka , Didus, Pezophaps , etc.) can no more be classed as fossils in the 
true sense of the word than all such recent organisms as may chance to 
become buried in deposits now forming under the present prevailing orographic 
and climatal conditions. 

The changes which organic bodies undergo during the process of fossilisa- 
tion are partly chemical and partly mechanical in their nature . 1 According 
as oerfcain portions of the original substance are removed, or are replaced atom 

1 White, OhtorUt A., Conditions of preservation of invertebrate fossils. Bull. U.S. Geol. and 
Geog. Survey Territ, 1880, vol, v., p, 138. Trdbucco , La Petriticazione. Pavia, 1887. 
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for atom by foreign matter, the result may bo either carbonisation, decom- 
position, total dissipation, or petrifaction. 

Carbonisation is a deoxidising process taking place under water or with 
limited access of air, and especially common among plants. Fossil wood and 
other vegetable matter abound in peat, lignite and bituminous coal, the 
leaves being transformed into a thin flake of carbon, on which often the finest 
venation is still discernible. In some cases chitinous animal structures also 
become carbonised, as in insects, crustaceans and graptolites. 

Decomposition as a rule effectually destroys all organic carbon and nitrogen 
compounds. With few exceptions, therefore, animals without hard parts, 
such as worms, infusorians, naked mollusca, most hydrozoa, many anthozoa, 
and the embryos of vertebrates, leave no traces behind in the rocks. Horn, 
hair, chitin and similar structures are likewise totally destroyed (luring the 
fossilisation process, while only under especially favourable conditions, as 
in ice or in frozen soil, muscular and epidermal tissues remain unchanged ; 
or else, through the taking up of lime phosphate in argillaceous and calcareous 
deposits, undergo a sort of petrifaction, in which the finer structure is but 
little altered . 1 Even the conservable hard parts of animal bodies arc deprived 
of their organic compounds ; bones give up their fats and oils, and tho shells 
of mollusks, eebinoderms and crustaceans lose their pigments and soft sub- 
stratum. The hard portions, which first become more or loss porous through 
loss of their organic constituents, next suffer tho gradual disintegration of 
their inorganic compounds, and finally undergo dissolution, reabsorption, 
or petrifaction. 

Petrifaction. — In this process foreign substances soluble in water (chiefly 
calcium carbonate and silica, more rarely pyrites, iron oxyhydrate and other 
salts) impregnate and completely fill all original cavities as well as those 
formed subsequently by decay. Chemical metamorphisin takes place 
occasionally, when, owing to the decomposition of certain inorganic con- 
stituents, the original molecules become replaced by those of other substances. 
For instance, we find quartz pseudomorphs after calcareous tests and skeletal 
parts, and conversely? calcite pseudomorphs after silica, as in certain sponges. 

Wherever the space originally occupied by soft parts, as, for example, the 
interior of a shell or other hollow body, becomes filled up with infiltrating 
ooze, while the shell itself or the enclosing wall decays, there is produced a 
cast of the interior, which in most cases (especially where the shell is thin, as in 
ammonites, brachiopods, certain mollusks and crustaceans) preserves an exact 
copy of the original form, and is susceptible of as accurate determination as 
the real object. Not infrequently fossil organisms leave molds or imprints of 
their shells or skeletons — very rarely of their whole bodies — in the rocks. 
Sometimes, indeed, their presence is indicated merely by tracks ox footprints. 

Fossils are often distorted by mechanical agencies, such as faulting, folding, 
crushing, and other deformations of the country rock. Such cases require 
especial attention, and due caution must be observed in their determination. 

Paleontology and Biology. — Although the fossil remains of ancient 
life-forms yield but a fragmentary record of themselves, are almost never 
perfectly preserved, and are usually more or less altered in appearance, yet 
on the whole, they readily fit into place in the great framework of zoological 

1 Reis , Otto, tJber petrificirte Muskulatur Areh. Mikros. Anat., vols. xli. xHv. HI,, — T>em s 
J3. t Preservation of muscle-fibres in .sharks. Amer. G«oI., 1902, vol. xxx. 
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and botanical classifications. Notwithstanding all their differences, their 
general structure is similar to that of recent organisms, and their identification 
requires the most careful comparison with nearly related plants and animals. 
The methods of paleontological research do not differ from those employed 
by the zoologist and botanist, excepting, of course, that the paleontologist is 
restricted to those parts which are alone capable of preservation, and must 
reconstruct the missing soft parts ideally from analogy with recent forms. It 
is, nevertheless, incumbent on the paleontologist to obtain all possible informa- 
tion from the material such as it is, aided by every means he can devise ; and 
hence his investigations do not cease with an examination of the external, 
macroscopic characters, but must be extended to the finer microscopic and 
histological as well. In numerous instances paleontology has anticipated 
zoology and botany by important histological discoveries; in the branch of 
vertebrate comparative anatomy, for example, through the exhaustive study 
of conservablo hard parts, such as the teeth, skeleton, dermal covering, etc., 
this science has boon elevated to its present high standard chiefly by paleon- 
tologists ( Cuvie r, Owen, Huxley, H. von Meyer, Kiitimeyer, Marsh, Cope, 
Osbqr.ii aiur<)Uiers)/ The p rinciple of correla tion„of jpiyts. first applied with 
such eminent success by Cuvier, according to which all parts of an organism 
stand in certain fixed relationships to one another, so that one organ cannot 
vary without a corresponding variation taking place in the others, is now 
worked out not only for the whole group of vertebrates, but for invertebrates 
as well ; and its elaboration is such that frequently a single bone, tooth, 
plate, carapace, shell- fragment and the like, is sufficient for us to form a 
tolerably accurate concept of the entire creature. It is therefore clear that 
in so far as paleontology has to deal with the study and classification of fossil 
organisms, it is no other than a part of zoology, comparative anatomy and 
botany, and hence may bo very properly divided into Paleozoulogy and Paleo- 
botany, Paleontology has vastly increased the subject-matter of the two 
biological sciences, lias filled up innumerable gaps in the system, and has 
infinitely enriched our knowledge of the variety and complexity of plant and 
animal organisation. In almost every class of both kingdoms where preserva- 
tion is possible, the number of fossil forms considerably exceeds the recent. 
A natural classification of the Jforaminifera, sponges, corals, echinoderms, 
mollusks, vertebrates, and of the vascular cryptogams, cycads and conifers, 
would bo utterly inconceivable without taking paleontological evidence into 
account, since in certain classes (brachiopods, cephalopods, reptiles, mammals; 
the number of extinct fossil forms may be ten, a hundred, or even a thousand- 
fold greater than the living, and this proportion is steadily increasing in 
favour of paleontology, as frosli discoveries are made in various parts of the 
world. 

Paleontology and Geology. — Although as a biological science paleon- 
tology does not differ essentially from botany and zoology, yet its connection 
with geology is none the loss intimate, and consequently it has been cultivated 
quite as assiduously by geologists as by biologists. The material is brought^ 
to light almost wholly by geologists or by geological collectors, who obtain it 
from the stratified rocks of the earth’s crust~~that is to say, rocks which have 
been formed by the subaqueous deposition of sediment, or have been built up 
from detritus on dry land by aerial agency. The distribution of fossils 
throughout stratified rocks is by no means promiscuous, neither do all rocks 
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contain the same species; but on the contrary, each separate strati^niphiYal- 
complex, and frequently even single beds and layers, are characterised by 
certain particular assemblages of fossils. The older the rock, theunoro strikingly 
different from recent organisms are its fossil remains ; the younger the forma, 
tion, the greater is their resemblance. Now, since experience shows Ural, 
contemporaneous deposits which have been laid down under similar conditions 
(as, for example, in salt or in fresh water) contain identical or at least very 
similar fossils, the latter furnish us with an infallible guide, taken together 
with the local stratigraphic succession, for determining the relative age of a 
given formation. Furthermore, a knowledge of the fossils occurring in homo* 
taxial deposits enables us to reconstruct the various paleofaunas and paloo- 
floras which have existed on our planet at different periods in its history. 
Having determined the chronological succession of the clastic rooks by means 
of their superimposition and their characteristic or index-fossils, they may be 
divided up into still smaller series, each ono of which is characterised by a 
particular assemblage of organic remains. In the main, then, paleontology is 
the ultimate foundation of historical geology. 

Excluding the oldest metamorphic rocks (gneiss, mica schists, phyllitos, 
etc.) which are destitute of fossils, and concerning whose origin there is still 
great difference of opinion, the total thickness of the sedimentary rocks 
amounts to 20,000 — 30,000 metros. The building up of this prodigious 
pile of rock must have extended over an inconceivably long time, whoso dura- 
tion cannot even approximately be estimated, since wo are without data as 
to the rate of deposition in former periods, and since the beginning, culmina- 
tion and end of geological epochs cannot be correlated with astronomical 
events. 

Since, however, the eartff has been inhabited in former times by very 
different creatures from those now living ; since successive paleofaunas and 
paleofloras follow one another everywhere in the same order; and since, 
furthermore, in certain formations the greater part or oven the total number 
of species appear and disappear in a body, so that one fauna or flora is 
replaced almost in its entirety by the next following ; it is obvious that tho 
sedimentary rocks may be subdivided into a number ’of longer atid shorter 
time measures, which may be designated by particular names. Tho beginning 
and end of such periods (group, system or formation, series or section, stage, 
zone or bed) is usually indicated by local interruptions in the deposition, 
occasioned by variations in sea-level, volcanic eruptions, or by other causes ; 
and such disturbances are usually accompanied by changes in the flora and 
fauna. The now generally accepted subdivision of tho secondary rocks is 
represented in the table on page 5, in which it should be noted that only the 
first three columns are of universal significance, while the last two apply only 
to European countries. 

The rocks of the Archaean Group amount to 40,000 — 60,000 metres in 
thickness. They belong to the oldest and longest period in tho history of 
our planet, and are remarkable for their schistose and crystalline structure, as 
well as for the total absence of fossils. In order of stratigraphy, gneiss com- 
prises for the most part the oldest; mica, chlorite, and talc-schists tho middle; 
and phyllites (primitive schists) the youngest division of this group. The 
so-called fossil organism, Eozoon, occurring in gneiss, has been proved to be of 
inorganic nature. 
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Eras Periods 


Alluvium 

Diluvium 

(Pleistocene) 


Pliocene 


& Miocene 

Tertiary System I 

Oligocene 


Eocene 


] i 

1 ! Upper Cretaceous 

1 Cretaceous i 

System i 

Lower Cretaceous 


Upper Jurassic 
(Malm) 


Middle Jurassic 
(Dogger) 

Lower Jurassic 
(Lias) 


Upper Triassio 
(Keuper) 

Triassio System Middle Triassio 

(Musohelkalk) 
Lower Triassio 
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The Paleozoic or Primary Group comprises the Cambrian, Ordovician, 
Silurian, Devonian, Carboniferous and Permian systems, each of which is 
made up of a great number of series, stages and zones. In the Cambrian 
crustaceans, trilobites, brachiopods and worms predominate, associated with a 
few echinoderms, coelenterates, sponges and poorly preserved algae. In the 
Silurian system most classes of the animal kingdom ^presented with the 
exception of amphibians, reptiles, birds and mamma l. while the flora still 
consists of algae. Marine invertebrates are very abundant, especially crus- 
taceans, mollusks, echinoderms and coelenterates, while only a few frag- 
mentary fish-remains indicate the presence of vertebrates. All the species 
and nearly all the genera have since become extinct, and belong for the most 
part to extinct families and orders. During the Devonian, Carboniferous and 
Permian systems, the same classes of animals continue as a body, but are 
represented by frequently different families and genera. Fishes develop a great 
variety of forms in the Devonian, amphibians (Stegocephalia) make their 
appearance in the Carboniferous, and reptiles in the Permian. The flora 
consists chiefly of vascular cryptogams, together with a few conifers and 
cycads. 

The Mesozoic Group comprises three systems — the Triassic, Jurassic and 
Cretaceous. Many of the widely distributed Paleozoic types (Tetracoralla, 
graptolites, crinoids, cystids, blastoids, brachiopods, trilobites) have either wholly 
or in greater part disappeared, while others (cephalopods, lamellibranchs, sea- 
urchins) are replaced by very different genera and families. Vertebrates are 
remarkable for the gigantic size attained by amphibians (Labyrinthodonta) and 
many reptiles, as well as for the wonderful variety of the latter. Birds appear 
for the first time in the Upper Jurassic (. Archaeopteryx ), and mammals 
towards the close of the Triassic, being represented by diminutive, probably 
marsupial types. During the Triassic and Jurassic periods, vascular crypto- 
gams, conifers and cycads remain the dominant plant-forms, dicotyledons not 
occurring until the middle Cretaceous. 

The Cenozoic Group comprises the Tertiary and post-Tertiary or Quaternary 
systems. Among the invertebrates, ammonites, belemnites, Kudistae and 
most of the Crinoidea have now passed away. Amphibians and reptiles have 
greatly declined, and, like the invertebrates, are represented by still living 
orders. On the other hand, birds, and particularly mammals, attain a 
wide distribution ; the latter class branches out in such manifold variety, and 
experiences such rapid development during Cenozoic time, that it alone 
furnishes us with the principal index-fossils of this era. From now on the 
flora consists chiefly of dicotyledonous plants. 

Paleontology and Physical Geography. — Not only do fossils con- 
stitute the very foundation of historical geology, but they furnish us in 
addition with valuable information respecting the origin of the rocks in 
which they occur, the former distribution of land and water, climatal 
conditions, and the facts of geographical distribution in former periods. By 
means of analogy with recent species we are able in most cases readily to 
determine whether fossil forms pertain to land, fresh, brackish or salt water 
species, whence it is apparent under what conditions the strata were deposited. 
The distribution of marine and fresh-water formations helps us to certain 
conclusions respecting the extent of former seas and land areas. Deep-sea, 
shallow water, and littoral deposits are readily distinguishable by means of 
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their fossil organisms. By fossils, also, even the elimatal conditions of 
former periods are indicated with great fidelity. The luxurious and uniform 
development of cryptogams over the face of the globe during Carboniferous 
time presupposes a warm, moist climate, little varying with latitude ; tropical 
dicotyledons occurring in the Cretaceous and Tertiary deposits of Greenland, or 
coral-reefs extending into high latitudes during the Paleozoic era, prove with 
equal certainty the prevalence of a milder climate and higher oceanic temperature 
in earlier times ; while again, the remains of reindeer, the lemming, musk-ox, 
polar fox, and other arctic animals in the diluvium of Central Europe testify 
to a period of glaciation with reduced mean annual temperature. 

The geographical distribution of fossil organisms proves that the regions 
and provinces occupied by recent plants and animals are to a certain extent 
identical with those existing in the Tertiary, and that life has been subject to 
the same distributional laws in the past as in the present. Nearly all recent 
forms are the obvious descendants of extinct creatures which formerly 
occupied the same region. For example, the fossil mammals, birds and 
reptiles of Diluvial time in Europe, Asia, Australia, North and South America, 
are scarcely distinguishable from forms now inhabiting the same continents. 
The ancestral homes of marsupials and edentates were perpetuated in 
Australia and South America until as recently as the Diluvial epoch, and 
during the later Tertiary, Europe, Asia and America formed but a single 
zoological province, inhabited by the ancestors of forms now living in the 
northern hemisphere. An understanding of the physical conditions which 
have governed the perpetuation of recent plants and animals in their respective 
provinces (succession of similar types) would be, utterly impossible without a 
knowledge of their distribution in former times. In like manner, our know- 
ledge of the distribution of land and water, of prevailing elimatal conditions, 
oceanic currents, etc., of earlier periods depends chiefly upon evidence derived 
from fossils. 

Paleontology and Embryology. — To trace the development of living 
plants and animals through all stages from the one-eelled egg onward to 
final dissolution, is the task of Embryology and Ontogeny. At the present 
moment, botanists and zoologists are devoting their most scrutinising attention 
to embryological investigations, which latter accordingly exert a powerful 
influence on the progress of biology, and particularly on the classification. 
The fact that every individual, species and genus of a whole group of plants 
and animals passes through nearly the same course of development, at least 
in the primary stages, and that all embryos belonging to a given order or 
class resemble one another so closely, up to a certain stage, that they cannot 
be told apart, has revealed unexpected affinities among forms differing very 
considerably in the adult stage. Cirripedes, for example, which were formerly 
mistaken for shell-bearing mollusks, develop from the same Nauplius-larvae 
as the Oopepoda, Branchiopoda and Ostracoda, although the mature individuals 
belonging to these orders of crustaceans possess but little common resemblance. 
Likewise, the whole group of vertebrate embryos can hardly be distinguished 
from one another in the earliest stages, and only very gradually assume the 
characteristic features pertaining to class and order. 

The results of embryological inquiry have a most important bearing on 
paleontology. Numerous fossil forms are known, which, in comparison with 
recent related organisms? exhibit embryonic, or at least larval or adolescent 
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characteristicB. Examples of such primitive or embryonic types are especi- 
ally common in vertebrates, for the reason that here the skeleton becomes 
ossified very early in life, and hence the immature stageB of the recent can be 
directly compared with adult fossil forms. Now, observation has shown that 
in most of the older fossil fishes and reptiles, the vertebral column never 
passed beyond an embryonic stage, but remained in a cartilaginous or 
incompletely ossified condition through life. The Paleozoic amphibians 
(Stegocephalia) probably breathed by means of both gills and lungs through- 
out life, whereas most recent amphibians lose their gills comparatively early 
(Caducibranchia), and breathe wholly by lungs. Many fossil reptiles and 
mammals retain certain skeletal peculiarities permanently, while allied recent 
forms exhibit them only in embryonic stages. The skull in most of the older 
fossil reptiles and mammals closely corresponds in form and structure with 
that in embryos of recent related types. In the oldest fossil artiodactyls 
the palm-bones are all completely separated, while in recent ruminants this 
division continues only during the embryonic stage, being followed by a 
fusion of the two median metapodals, together with a reduction of the laterals. 
Among invertebrates, also, fossil embryonic types are by no means uncommon. 
The Paleozoic Bdimridae find their counterpart in the larvae of the common 
Limulus ; many fossil sea-urchins are characterised by linear ambulacra, while 
recent related forms, although developing petaloid radii in the adult stage, 
pass through the linear phase during adolescence. Many fosBil crinoidB re- 
semble the young of the living genus Antedon; and, according to Jackson, 
recent echinoids, oysters and pectens exhibit in their nepionic stages certain 
characters peculiar to the adults of Paleozoic genera. 

The so-called fossil generalised or comprehensive types, which unite in one and 
the same form characters which, in geologically later, or recent descendants, 
have become distributed among different genera and families, are in reality 
merely primitive or immature types which have stopped short of the higher 
differentiation attained by their descendants. 'Generalised types always 
precede more highly specialised; and properties that were originally distri- 
butive among older forms are never reunited in geologically younger species 
or genera. Trilobites, amphibians and reptiles of the Paleozoic and Mesozoic 
eras, and early Tertiary mammals belong almost exclusively to the category 
of generalised types. 

In certain groups of vertebrates, and especially of mammals (Ungulata, 
Carnivora), the chronological succession of genera is so closely paralleled by 
the successive stages of development in the life-history of their descendants, 
that to a certain extent the ontogeny of the individual is a representment of 
a long chronological series of fossil forms. This truth furnishes a strong 
foundation for the biogenetic law, enunciated in various terms by Geoffroy St. 
Hilaire, Serres, Meckel, Fritz Mfiller and others, and recently more precisely 
formulated by Haeckel, as follows : The developmental history or ontogeny 
of an individual is merely a short and simplified repetition or recapitulation of 
the slow (perhaps extending over thousands of years) process of evolution of 
the species and of the whole branch. 

The biogenetic law has since been found to hold true not only for verte- 
brates, but also for invertebrates, including even wholly extinct types. In 
ammonites, for instance, the primary or innermost whorls always differ from 
the outer in their greater simplicity of suture, and in their lesser ornamenta 
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lion. Very often a correspondence is observable with geologically older forms ; 
and it is a well-known fact that all ammonites pass through early stages which 
resemble, at least so far as chambering of the shell is concerned, Paleozoic 
goniatites. A comparison of the inner whorls of an ammonite with its corre- 
sponding goniatitic form, or with older ammonites, seldom fails to reveal 
ties of kinship not otherwise discernible. Beecher has shown that nearly 
every stage in the development of arm-supports in recent brachiopods corre- 
sponds to conditions of the adult in some fossil genus ; and further, that the 
chronological succession of the latter is to a certain degree identical with the 
successive ontogenetic stages of recent forms. 

The relation of rudimentary or degradational organs occurring in recent forms 
to those of the fossil ancestors of the latter is of extreme significance. By 
rudimentary organs are meant certain structures (as, for example, limbs, 
parts of limbs, organs of sense, respiration, digestion, reproduction, etc.), 
which are still indicated by atrophied remains, but whose physiological 
functions, and hence their utility to the organism, have wholly disappeared. 
Rudimentary organs are, as a rule, either normally developed in an embryonic 
stage, or at least more strongly than in the adult individual, owing to a 
process of degeneration , or retrogressive development. The fossil progenitors 
of forms possessing vestigial structures are almost always characterised by 
a full development of the respective parts. The lateral metacarpals and 
metatarsals in the horse and most ruminants, for example, are indicated only 
by rudimentary side-splints ; but in an embryonic stage they are much more 
strongly developed, and in related fossil forms they occur as normal bones, 
carrying toes like the other metapodals, and serving for locomotion and 
support. The wrist and metacarpal bones in birds have also suffered degenera- 
tion, as is evident from a comparison with embryos and with older forms 
(. Archaeopteryx ), which exhibit a much higher development. In like manner, 
the teeth of birds have also become degenerated. In only a few forms 
(parrots, ostriches) are faint dental ridges discernible during embryonic stages ; 
but in all known Mesozoic birds the teeth are well developed and remain 
functional throughout life. Similarly, teeth are developed during embryonic 
stages in the baleen whale, but subsequently become atrophied ; while in the 
older fossil Cetacea teeth are always present. Other instances of this 
nature are to be met with in great profusion, both among vertebrates and 
invertebrates. 

The biogenetic law is, however, not infrequently obscured, for the reason 
that two closely related forms may not develop in exactly the same manner ; 
embryos of the one type may be affected by peculiar accelerating impulses 
which are not shared by those of the other, and in consequence the first may 
pass through certain stages very rapidly, or may even omit them altogether. 
In this way the historical or palingenetic record contained in the development 
of every individual may be to a large extent veiled, suppressed or rendered 
unintelligible; and this phenomenon of inexact parallelism (coenogenesis) is 
especially common in highly differentiated types, where the embryo passes 
through a multitude of phases. 

Paleontology and Phylogeny. — While conceding that by means of 
embryological investigations zoologists and botanists are able to trace the 
gradual development and differentiation of an organism through all its various 
stages, and thereupon to construct a tree of descent (phytogeny) founded upon 
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the successive phases of growth, nevertheless such hypothetical genealogies 
can only be relied upon as truthful when they are substantiated by paleonto- 
logical facts. And only in cases where the different ontogenetic stages are 
represented by corresponding fossil primitive or generalised types, which 
appear in the same chronological order, and clothe the supposititious ancestral 
tree with real forms, can the truthfulness of the latter be said to have been 
established. This requirement paleontology is from the nature of things 
unable to satisfy except in a few instances • but a multitude of other facts 
testifies to the blood-kinship between morphologically similar fossil and recent 
organisms, and points to the direct descent of the younger from the older 
forms. 

Geology proves conclusively that of the numerous floras and faunas which 
lie buried in the rocks, those which are most nearly of the same geological 
age bear the greatest resemblance to each other. It often happens that species 
and genera occurring in a given formation reappear in the next following with 
scarcely any perceptible changes, so that the doctrine of the gradual trans- 
formation and transmutation of older forms is irresistibly forced upon one, 
while the faunas and floras of later periods assert themselves as the obvious 
descendants of the more ancient. Other weighty evidence for the progressive 
evolution of organisms is afforded by fossil transitional series , of which a 
considerable number are known, notwithstanding the imperfection of the 
paleontological record. By transitional series are meant a greater or less 
number of similar forms occurring through several successive horizons, and 
constituting’ a practically unbroken morphic chain. Often the differences 
between individuals belonging to different periods are so slight that we can 
hardly assign to them the value of a variety. But let a number of such 
mutations occur in succession, the end-members of the series become finally 
so divergent as to constitute distinct species and genera. The most striking 
and most numerous examples of transitional series naturally occur in types 
peculiarly well fitted for preservation, such as mollusks, brachiopods, sea- 
urchins, corals and vertebrates. Particularly remarkable among mollusks 
are the closely linked transitional series in ammonites. Among vertebrates 
transmutation proceeded far more rapidly than among invertebrates, and 
accordingly, the successive members of a series are usually so divergent as to 
require their assignment to separate genera. 

With increasing abundance of paleontological material, the more numerous 
and more complete are the series of intermediate forms which are brought to 
light. But the more extended our knowledge of transitional series the greater 
is the difficulty we encounter in defining our conception of species. While the 
older disciples of the Linnean and Cuvierian schools contended that each 
separate species was created with a certain definite sum of fixed characters, 
and remained incapable of any extensive modifications ; on the other hand, 
those holding to the Darwinian theory of evolution look upon varieties, 
species, subgenera, genera, families, orders, classes and phyla merely as 
arbitrary yet useful and convenient distinctions, corresponding to the state of 
our , information at the present time ; it being assumed that by means of 
gradual transmutation during the course of ages all organisms have become 
evolved from a single primitive cell, or from a few primitive types. 

According to the LinnACuvier doctrine, a species is composed of individuals 
which are directly descended from one another, or from common ancestors, 
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and which resemble their progenitors as much as they resemble each other. 
Members of one and the same species interbreed, but individuals belonging 
to different species do not cross, or when they do, produce infertile or 
imperfectly fertile offspring. 

According to the theory of descent no sharp specific distinctions can be 
drawn, but all individuals are assigned to the same species which share a 
number of essential features in common, and which are not connected with 
neighbouring groups by means of intermediate types. It is plain that this 
definition is open to considerable laxity of interpretation, and inasmuch as 
the direct descent of individuals belonging to a given species cannot always (in 
paleontology never) be determined on experimental grounds, systematists 
are rarely agreed in regard to the precise limitations of species, genera and 
families. 

The doctrine of the invariability of species received powerful support from 
the cataclysmic theory of Cuvier, which maintained that each period in the 
earth’s history is marked by distinctively characteristic faunas and floras ; that 
no species is common to two successive periods ; that tremendous convulsions 
of nature (cataclysms) occurred at the close of each cycle, and annihilated the 
whole organic world ; and that by means of special creative acts, the renovated 
earth became time and again populated with new animals and plants which bore 
absolutely ijp^onnection with either previous or subsequently introduced types. 

Cuvier’s cataclysmic theory may be regarded at the present day as com- 
pletely overthrown, inasmuch as the modern school of geology, following the 
leadership of Sir Charles Lyell, has demonstrated conclusively that the earth 
has proceeded from one stage To another during the course of its development 
only with the utmost slowness ; that the same forces and laws which regulate 
the world of to-day have operated likewise in primeval times ; and that 
geological periods are by no means abruptly set off from one another, but are 
linked together by innumerable transitional stages. 

The theory of the descendant origin of organic forms, which was advanced 
as early as 1802 by J. B. Lamarck and Geoffroy St. Hilaire, and was supported 
by Goethe, Oken and Meckel in Germany, "kept winning continually more 
adherents, yet it was not until the latter half of the nineteenth century that 
its universal significance was insisted on by Charles Darwin and his school. 

Paleontology, as already remarked, contributes a great deal of extremely 
weighty evidence in favour of the theory of descent ; the series of intermediate 
forms, often traceable through several successive formations ; the presence of 
primitive and generalised types ; the parallelism between ontogeny and the 
chronological succession of related fossil forms ; the similarity between floras 
and faunas of approximately the same age; the correspondence in the 
geographical distribution of recent organisms with that of their progenitors ; 
and a host of other facts are explicable only by means of the theory of descent. 

The causes of variation fend transformation were attributed by ..Lamarck 
chiefly to me_use and_disnse of organs; secondly, to the effect of changes in 
external conditions ; and lastly, to a supposed inherent tendency toward 
variation and perfection existing in each individual. According to Lamarck, 
new characters brought about by these influences are transmitted to descend- 
ants through inheritance* and become permanently established in the race. 
Geoffroy St. Hilaire maintained the same principles on the whole, but ascribed 
the chief causes of variation of species to the influence of environment. 
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The Darwinian theory of natural selection is based upon the property 
common to all organisms of acquiring ancestral characteristics through heredity, 
and of transmitting them in turn to their progeny ; and also on the adapta- 
bility of organisms to particular external conditions, by means of wmfch 
variations are brought about. Since in the struggle for existence only those 
individuals which are the best adapted — that is to say, those possessing the 
most advantageous modifications — survive, nature is continually exercising, 
according to Darwin, a most rigorous selection which operates toward the 
increase and perfection of useful variations. Through the constant accumula- 
tion of originally slight yet serviceable modifications, and through the perpetual 
transmission of the same from one generation to another, there are produced 
first of all new varieties, then species, and eventually genera, families and orders. 
The zoological and botanical classifications are, according to Darwin, merely an 
expression of genealogical facts, exhibiting the remoter and closer ties of 
consanguinity which exist among different organic forms. 

Darwin’s explanation of the origin of species by the addition of the 
agency of natural selection to the Lamarckian factors of variation and 
inheritance found in Wallace, Huxley, Haeckel and others, zealous and 
ingenious supporters, although on other sides it encountered vehement 
opposition. Moritz Wagner regarded free intercrossing as an insurmountable 
obstacle to the establishment of new modifications, and contended that the 
isolation of a few individuals, a condition which would occur most frequently 
during migrations, was a necessary postulate in accounting for the origin of 
each new variety or species. As will be stated presently, the principle of 
isolation, slightly modified, has been applied by other writers. Bronn, Nageli 
and A. Braun raised the objection to Darwin s theory of natural selection 
that many organs are entirely useless to the individual, and therefore natural 
selection, which depends upon the principle of utility, could neither have 
produced such organs nor could have modified them in any way. Nageli 
assumed that, in addition to natural selection, a certain resident tendency 
toward perfection, inherent in every individual, takes part in conditioning 
the growth of morphological characters. Every variation brought about 
by external or internal agencies is at once in the nature of a differentiation, 
a step forward in the division of labour, and consequently an advancement. 

Weismann endeavoured in a similar manner to supplement Darwin’s theory 
of selection by his hypothesis of the continuity of germ-plasm. According to 
Weismann, germ-matter is of itself capable of producing all variations that 
are useful to an organism. Only that which exists in the original plasm or in 
the sexual elements as embryonic rudiments can be transmitted to offspring 
and become further acted upon and developed by natural selection, according 
to Weismann’s theory. The continuity, that is to say, the perpetual trans- 
mission of a portion of the germ-plasm from parent to offspring, forms a 
necessary postulate to the theory of descent. 

Weismann originally attributed only a subordinate influence to the 
action of physical environment as a cause of variations, and particularly 
denied the inheritance of acquired characters. But in his later writings, 
he is inclined to admit that somatic variations due to environmental influences 
may be transmitted to the offspring, and endeavours to explain this with the 
help of his germ-plasm hypothesis. Thus he approaches in a way the opinion 
of his opponents, the so-called Neo-Lamarckian school (represented by Herbert 
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Spencer, Cope, Hyatt, Osborn, Semper, Claus, Roux and others), which ranges 
itself more and more on the side of Lamarckian ideas, and ascribes to the use 
anJ disuse of organs, and to external conditions, a very considerable influence 
inflecting the transformation of organic forms. While, on the one hand, 
Semper, Locard and Clessin undertake to prove the direct action of environ- 
ment on mollusks in a number of instances • on the other hand, Cope, Osborn, 
Roux and others, emphasise the effect of use and disuse, and abundance or 
scantiness of food-supply. Adequate nourishment and exercise increase the 
development of a given organ, while physical conditions determine its form. 
Since like causes produce like effects in the animate as well as in the inanimate 
world, it is obvious that similar organs must be developed in a variety of plant 
and animal forms wherever they are subjected to similar external conditions, 
and especially to the same physical agencies. A convenient explanation is 
thus found for the phenomena of parallelism, or “ convergence,” which are 
in nowise related to one another by inheritance. The analogous swimming- 
organs of fishes, ichthyosaurians and whales, or the analogous limb-structure 
in long-legged ruminants, the horse, elephant and carnivora, are due to 
adaptation to external conditions and to use ; the same explanation also 
accounts for the like form of sternum in bats, birds and Pterosauria, or for the 
spindle-shaped body characteristic of most rapid-swimming fishes, reptiles and 
aquatic mammals, or for the similar form of jaw possessed by marsupials and 
various orders of Placentalia. These are all instances of parallelism, in which 
it often happens that two fundamentally different forms acquire the same 
outward shape, or become provided with similar or analogous organs. Kineto- 
genesis , or the process of a gradual transformation of parts, especially parts 
belonging to the internal skeleton, skull and limbs, is very ingeniously 
interpreted by Cope as having been accomplished in mammals through the 
agency of mechanical conditions, use and food. The same author has also 
traced the line of progressive modification in fossil genera as exemplified by 
numerous series of intermediate forms. 

In sharp contrast to all these opinions is the “ mutation theory 33 of de 
Vries. The latter attempts to show that new species of plants are formed 
by what he calls mutations. It should be noted that this term is used in a 
different sense from the same word as mentioned on p. 10, being equivalent to 
saltation , used previously for the same thing. Mutations, in de Vries’s sense, 
ire more or less strongly marked deviations from the normal type, appearing 
rather suddenly ; and de Vries claims that only these are capable of being 
bred true by pedigree-culture, and that they alone lead to the origin of new 
3 pecies. What he actually did was to demonstrate that it is possible, by 
pedigree-culture, fro jproriuce true breeding for ms (species) out of mutations, 
but he failed to see that the essential factor in this processes' not* tlieT quality 
}f the material he worked with (i.e. the mutations), but that it is the pedigree - 
culture , and that this corresponds to the well-known factors of selection and 
isolation. 

the latter principle, originally introduced, as has already been stated, by 
Moritz Wagner, has recently been put forward by other writers (Bauiv 
Drtmann, Gulick, etc.) as a factor which causes the differentiation of one 
3 pecies into several co-existing species ( t£ process of speciation,” 0. F. Cook). 
While it is admitted that the Lamarckian factors of variation and inheritance 
ind the Darwinian factor of natural selection, are real and actual, it is 
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evident that these are not sufficient for the understanding of the whole of the 
evolutionary process. They are capable of explaining the transformation of 
one existing form into one other form, but fail to account for the fact that 
often two or more different forms have originated from a single ancestral type. 
Isolation, biological or ecological separation, or habitudinal segregation, are 
synonymous terms applied to a fourth factor, which is important for render- 
ing the process of speciation more intelligible. These terms signify that 
the descendants of one ancestral form living amid a definite set of ecological 
(or environmental) conditions, begin to adapt themselves to different sets of 
conditions, as a result of which they become ecologically separated or segregated. 
Each group of descendants consequently becomes subject to different influences 
of environment, and in responding to such develops along different lines, the 
divergence becoming finally so great as to be of specific value. 

According to the view that has just been stated, it is necessary to 
recognise that the whole process of evolution is a very complex one ; that it 
is the ultimate outcome of a number of factors, each of which has its own 
special efficacy, and may be sometimes antagonistic to the others ; and that of 
the various factors engaged the following four are the most potent and most 
essential : variation , inheritance , natural selection and separation. This view is 
perhaps to be regarded as the most satisfactory explanation of the organic 
world and its upbuilding that has yet been put forward. Nevertheless, though 
it cannot be gainsaid that the four operative principles just mentioned are 
actively at work, it is difficult sometimes to trace their causes. This is 
particularly true of those factors known as variation and inheritance. As to 
the former of these factors, the rival hypotheses of the Lamarck-Darwinian 
and of the Weismannian school are contradictory with reference to the cause 
of inheritable variation. With regard to the cause of inheritance, important 
discoveries, such as the Mendelian law, have been made, but these are too far- 
reaching to permit of a satisfactory account in limited space. 

Life-Period and Extinction of Species. — Observation shows that 
different organisms are by no means equally susceptible to impulses received 
from the outer world. Many fossil genera remain almost wholly unchanged 
throughout a number of formations (Foraminifera, Cidaris, Nautilus, Lingula, 
Terebratula, Insectivora), and hence may be designated as persistent or conservative 
types , in contradistinction to variable types. The latter pass through rapid changes 
at the beginning of their career, develop a great variety of forms, and send out 
branches and off-shoots in all directions up to a certain point ; they may then die 
out after a comparatively short period of ascendency (Nummulites, Graptolites, 
Cystids, Blastoids, Tetracoralla, Perischoechinoida, Trilobitae, Rudistae, Ichthy o- 
sauria, Pterosauria, Dinosauria, Amblypoda, Toxodontia, etc.), or in some cases 
may even continue on to the present day with undiminished vitality ( Spatangidae , 
Clypeastridae , many land and fresh-water mollusks, crabs, lizards, snakes, 
ruminants, apes). Not infrequently types that were originally variable pass 
over gradually into persistent; their power of adaptation dwindles, they grow 
less plastic, become incapable of sending off new varieties, species or genera, 
and as the less vigorous of their number become worsted one after another, they 
finally stand out as isolated relics of antiquity ( Isocrinus , Hatteria , Tapirus, 
Equus , etc.) in the midst of rehabilitated surroundings. A one-sided develop- 
ment in a certain direction, excessive size, abnormal (hypertrophic) peculiarities, 
or too high specialisation of organs, is as a rule injurious to "the form and 
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leads usually to its extermination. Many groups remarkable for their 
extreme differentiation (Dinosauria, Pterosauria, Amblypoda, Toxodontia, 
etc.) have become extinct probably for this reason, since, having advanced so 
far in a single limited direction, adaptation in other directions was no longer 
possible. 

Persistent types seldom produce a large number of species during a single 
geological period ; types that start up suddenly and proceed to vary rapidly 
as a rule soon die out ; while groups that develop slowly and steadily usually 
contain in their growth the promise of great longevity. 

Some very ancient types have persisted to the present day in highly 
saline lakes, or in salt pans, in acid, alkaline, very cold or otherwise unnatural 
situations. These represent dominant types of past ages which, vigorous and 
adaptable, when forced hy ‘internal specific pressure due to the enormous 
increase in the numbers of individuals were able to invade and adapt them- 
selves to physically and chemically unfavourable localities. The subsequent 
development of other types, younger and more vigorous, has extirpated them 
from all the more desirable situations, though these types have not proved 
sufficiently adaptable or vigorous entirely to exterminate them. 

The fauna of the ocean deeps and of biologically unfavourable situations 
generally is, therefore, a curious composite of the more vigorous and adapt- 
able types of animal life from the Cambrian to the present day, including 
forms which were dominant in all earlier epochs, as well as forms derived directly 
from recent ancestors. 

For the extinction of many plants (Sigillaria, Lepidodendron, Cordaites) and 
animals (Blastoids, Tetracoralla, Trilobites, Ammonites, Rudistae, Ichthyosaurs, 
etc.) of former periods no adequate explanation has as yet been found. Changes 
in external conditions, especially such as regards the distribution of land and 
water, climatal conditions, saltness of the water, volcanic eruptions, paucity of 
food-supply, the encroachments of natural enemies, and diseases, may have 
led to the extinction of certain forms, but such conjectures signally fail to 
account for the disappearance of an entire species or particular groups of 
organisms. Oftentimes extinction seems to have been caused merely by 
superannuation. Long-lived forms belong for the most part to persistent 
types whose range of species is limited. Their reproductive functions have 
declined, and like an individual in its senescence, they evince the symptoms of 
decrepitude and old age. Darwin attributes the extinction of less well-adapted 
organisms to the struggle for existence ; but since, according to the theory of 
natural selection, new species arise only with extreme slowness by means of 
the gradual accumulation of useful variations, and since in like manner their 
iess successful competitors are only very gradually crowded out, we should 
sxpect to find in the rocks, supposing that the paleontological record were in 
any degree perfect, all manner of extinct intermediate forms, and we should be 
able, at least for those groups especially liable to conservation, to build up 
complete ancestral trees. But as observation shows, not only do most plants 
and animals now living in a wild state adhere to their peculiar characteristics 
with great tenacity, exhibiting barely appreciable changes even in the course 
of hundreds or thousands of *years, but, furthermore, fossil species remain 
within the limits of a single geological period fairly constant. With the 
beginning of a new epoch or pei'iod, however, which is usually indicated 
in the section by lithologic changes, a greater or less number of species either 
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entirely disappears, or is replaced by closely related, but at the same time 
more or less different forms. Obviously, therefore, there have been periods 
when the process of transformation and the weeding out of organisms were 
greatly accelerated, and following upon these reconstructive periods long 
intervals of repose have ensued, during which intervals species have retained 
their characteristic forms with but little variation. The fact that evolution 
has advanced by occasional bounds or leaps stands, however, in nowise contra- 
dictory to the theory of descent. 

The whole animate community at any point on the earth’s surface rests 
normally in a state of equilibrium, the balance being maintained by the com- 
bined activity of all ranks and members of society. For the preservation of 
this balance nature practises a most rigid domestic economy. Every plant 
depends upon particular conditions of soil, food, temperature, moisture and 
other requisites for its support ; and these conditions govern its distribution 
and increase in the last degree. Every plant controls the destiny of all 
animals subsisting upon it; their numbers multiply with its increase, and 
wane with its decrease. The fate of these creatures determines that of their 
natural enemies, who stand in similar relationships to still remoter circles ; 
and hence no form can overstride the bounds set for it by the general balance 
without disturbing the whole general system of economy. Let the flora or fauna 
of a given region become altered by the extinction of a number of species, or 
by the introduction of new and more powerful competitors, the balance is 
immediately upset. In the first instance vacant places must be filled up, and 
in the second, room must be made for the newcomers at the expense of the 
settled community. Thus, wherever climatal, orographic, or other changes 
are instrumental in bringing about the extermination of large numbers of 
plants and animals during the lapse of a geological period, a state of inequi- 
librium must necessarily result. But thereupon the struggle for existence 
is waged with unwonted severity among the survivors, until finally a 
readjustment is established, and a pause in the formation of new sqjecies ensues. 

The whole course of evolution in the organic world during past geological 
periods indicates not only definite progression in all branches of the animal 
and vegetable kingdoms up to their present state, but also a more perfected 
specialisation. Granting that the theory of descent is true, and that all 
organisms have developed from a single primitive cell, or from a few primitive 
ground-types, then every new growth and differentiation must stand for im- 
provement and progress, leading gradually to the development of more or less 
highly specialised organs, and to a division of labour in their physiological 
functions ; the higher the degree in which this is manifested, and the more 
conformably to apparent purpose and utility that each organ fulfils its 
functions, the more perfect is the organism, as we conventionally term it. 

Evolution in the organic world has not advanced in a simple, straightforward 
direction, but its course bas been exceedingly complicated and circuitous. 
The biological systems, accordingly, do not suggest to us the similitude of a 
ladder with its numerous rounds, but rather that of an enormously ramifying 
tree, whose topmost twigs represent the youngest, and, on the whole, the 
most perfect forms of every branch. The root, trunk, and a goodly portion 
of the upper limbs lie buried in the earth; and only the ultimate green 
shoots, the last and most highly differentiated members of long ancestral 
lines, blossom forth in the world of to-day. 
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Protozoa are unicellular organisms with bodies consisting of sarcode (proto- 
plasm), usually very minute, frequently microscopic in size, and without 
differentiated tissues or organs. They are water-inhabitants, take in nourish- 
ing matter either at any point on the periphery of the body whatsoever, or 
through a so-called mouth ( cytostome ), and reject the undigested portions either 
from any part of the body whatsoever, or from a definite point called the anal 
aperture (cytopyge). The contractile sarcode almost invariably contains one 
or more nuclei, and exhibits considerable diversity of structure and differentia- 
tion. Locomotion is accomplished by means of vibratile cilia, flagella, pseudo- 
podia or irregular processes of the periphery. Reproduction takes place by 
means of budding or self-division, which latter process is often preceded by a 
temporary conjugation of two individuals. Protozoa are divided into four 
classes, only the first-named of which is known to occur in the fossil state : 
Sarcodina, Flagellata , Infusoria and Gregarina. 


Class 1. SARCODINA. 

Protozoa with or without a test , having in fully developed individuals well 
characterised pseudopodia , either digitate , reticulate or radiate , with or without axial 
filaments. 

Subclass 1. RHIZOPODA. 

Sarcodina either naked or with a definite test , the pseudopodia either lobose or 
reticulate ; the adult form is amoeboid . 


Order 1. AMOEBIDA. 

The animals constituting this order do not occur as fossils. There are 
found, however, in chalk and many marine limestones minute calcareous 
bodies resembling coccoliths, such as are present in vast quantities in deep-sea 
ooze of existing oceans . 1 

1 To the Amoebida were formerly assigned by Huxley and Haeckel the so-called Bathybius, a 
reticulated colloidal substance composed of anastomosing strands, occuiring at great depths in the 
Atlantic Ocean. Sir Wyville Thomson and Moebius regarded it as a precipitate of calcium sulphate, 
intermingled with decomposed organic matter. In deep-sea ooze, which consists chietiy of lime 
carbonate, as well as in Bathybius , great quantities of minute calcareous bodies of various shapes 
are found, such as also occur as an essential constituent of chalk, marls and most marine lime- 
stones belonging to older geological periods (cf. C. TF. Gumbel, Neues Jahrbuch fur Mineralogie, 
1870, p. 753). Elirenberg termed these bodies morpholites, and regarded them as inorganic m 
VOL. I 17 0 
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Order 2. FORAMINIFERA d’Orbigny. 1 

RhUopoda usually with a test which is typically calcareous but may be siliceous 
or agglutinated ; consisting of one or more chambers , pseudopodia reticulate. 

The Foraminifera are for the most part minute animals varying in size 
from a fraction of a millimetre to several millimetres in length, but may 
develop a test several inches across ■ these, however, are rare exceptions. A 
few species occur in fresh or brackish water, but the great majority live in 
the ocean. They are found at all depths, but are most frequent at moderate 
depths in the ocean basins, where they form characteristic deposits — the 
so-called “globigerina ooze.” In the vicinity of tropical coral islands many 
species occur in great abundance. 

The animal itself is a single-celled form with one or many nuclei, as will 
be later explained. The test, in many cases at least, is really an internal 
structure, as the thin film of protoplasm which covers it in the perforate 
forms, and probably in others, is capable of secreting the material of the test 
to repair fractures and the like. 




* 


Pig. 1,0, b.— Coccoliths ( Cyathohihs ) from the Atlantic Ocean , 
1 in profile (after Haeckel). 


, _ , upper sur- 

face and in profile (after Haeckel). 

Fig. 1 , c.—Co&Mhs ( Discohths ) fiom the Adriatic Sea ; upper surface 
and m profile (after O. Schmidt). 

Fig. 2 .—Coccuspheres from the Atlantic Ocean (after Haeckel). 

Fig. S.—Rhabduhthfi from the Adriatic Sea (after 0. Schmidt). All figures 
magnified 700 diameters. 


nature. Huxley (Journal Microscop. Science, 1868, VIII. No. 6) and Haeckel (Jenaische Zeit- 
schrift, 1870, V. 3, p. 18) regarded them at first as portions of Buthybius , and designated 
them coccoliths (Fig. 1). The simple, disklike varieties, convex on the upper side and concave on 
the lower, were termed discoliths (Fig. 1, c) ; while those composed of two closely applied disks 
of different sizes, resembling cuff-buttons m profile, were referred to as cyatholiths (Fig. 1, a, b). 
Coccoliths are only visible under powers of S00 to 1000 diameters, and exhibit, as a rule, a number 
of zones differing m 'their refractive indices, which are disposed about a single, double or star- 
shaped central granule. Fre- 
quently large numbers of cocco- 
liths become aggregated to- 
gether in the form of freely 
suspended spherules or cocco- 
spheres (Fig. 2). Besides cocco- 
liths, other minute, rod-shaped, 
calcareous bodies are sometimes 
met with, which are charac- 
terised by a discoidal or cruci- 
form enlargement at one end. 
These are called rhabdoliths 
(Fig. 3), and their nodular 
aggregations rhccbdospheres. 

Wyville Thomson, Carter and 

Murray would identify eoceospheres as unicellular algae, or as sporangia of algae, while Haeckel 
creates for them a special group, “ CoJcocytae” and assigns them provisionally to the Protophytes. 
According to Harting, however, the action of ammonia generated by the decomposition of albumin- 
ous matter held in solution m lime sulphate or lime chloride, causes the separation out of minute 
calcareous disks which bear a staking resemblance to coccoliths. Hence it would appear that 
the formation of excessively fine divided particles of lime in the sea should take place wherever 
there are decomposing albuminous or nitrogenous substances present, and the calcium sulphate 
held involution in the water becomes precipitated as calcium carbonate. 

1 Literature : d’Orbigny, A., Foramimferes fossiles du bassin tertiare de Vienne. Paris, 1846. 
— EJirenberg, G. G., Mikrogeologie, 1854, and Abhandlungen der Preuss. Akad. Wiss., 1839. — 
Schultze , Max, Ueber den Organismus der Polythalamien. Leipzig, 1854. — Carpenter, W. JB., 
Introduction to the Study of the Foraminifera. Ray Society, 1862. — Reuss, E. A ., Numerous 
Reports m Sitzungsberichte der Wiener Akademie, from 1860 onwards. — Schwager, Conrad, 
Saggio di una cla&sifieazione dei Foraminiferi. Bollet. Comitato Geol., 1876. — Brady, W. B., 
Monograph of Carboniferous and Permian Foraminifera. Palaeontograph. Soc., 1876 — Brady, 

TV. B., Report on the Foraminifera, Scient. Results Challenger Exped., Zoology, XI., 1884. 

Sherborn , C. D-, Index to the Genera and Species of the Foraminifera. Smith. Misc. Coll., 
1895, vol. xxxvii — Egger, J. G., Foraminiferen der Seewener Kreideschichten. Sitzber. Bayer. 
Akad. Wiss., 1909, No. 11 .—Schellwien, E., Monographic der Fusulinen. Palaeontogr. 1908-1912, 
vols. lv., lix. 
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Comparatively little is known concerning the animal of the Foraminifera 
except in certain littoral species. As single-celled animals the Foraminifera 
are especially interesting, and their structures do not need explanation on the 
basis of organs or tissues. There is much beauty in the curves of the test 
and in its ornamentation, the patterns of the latter being often very intricate. 

Throughout the group of Foraminifera there is a nearly complete series, 
from a simple gelatinous covering of the cell in some of the fresh-water forms 
to the complex calcareous test of the higher groups. The fresh-water forms, 
while not considered in the systematic part of this treatise, are nevertheless of 
especial interest on account of their primitive characters. In Myxotheca the 
simplest sort of covering is found, a gelatinous test which is flexible, so that 
it takes the shape of the changing form of the cell. There is here also no 
definite aperture, the pseudopodia being pushed through at any point. In 
others of the fresh-water forms the test may be of flexible chitinous material, 
but has a definite shape when the animal is at rest and usually one or more 
definite and permanent orifices. 

In the marine species, which form the basis of the present work, there is 
usually a definite, specific form to the test, and the aperture is permanent. 
The materials used in making the test may be grouped in two classes : (1) 
those derived from foreign sources, and (2) those secreted by the animal itself. 
The foreign materials are derived from the bottom on which the animal lives, 
and therefore even in the same species found under different conditions there 
is some variation in the character of the materials used. In general, however, 
there seems to be a certain amount of selective power on the part of certain 
forms, and such characters have been used as of generic rank in systematic 
work. The foreign material most frequently used is the mud or sand of the 
ocean bottom, but certain forms use sponge spicules, either making them into 
a soft felted mass ( Pilulina ) or arranging them in a definite manner and firmly 
cemented ( Technitella ). Other foraminiferal tests may be used, as may various 
small bodies which come within the range of the animals. The cement in the 
agglutinated tests may be chitinous, of iron oxide, or calcareous. 

Of these calcareous tests two sorts have been recognised, one with a definite 
aperture or series of apertures and with minute pores (the perforate group), 
the other with a definite aperture or series of apertures but without minute 
pores (the porcellanous group). By many writers the latter group, represented 
by the Miliolidae, has been held to be primitive and a group which had not 
developed perforations. On the other hand, certain evidence, such as the 
perforate condition of the early chamber of Peneroplis and other genera, would 
indicate that they are derived from the perforate group, and that the lack of 
pores instead of being a primitive condition may in reality be a specialised 
one derived from a condition in which pores were developed throughout the 
life of the individual. 

In general the test of the Foraminifera may be single-chambered or many- 
chambered. Contrary to the impression given by certain works on the group, 
the process of adding chambers in the Foraminifera, while superficially like 
budding or gemmation, is not necessarily or usu ally accompanied by jiuclear 
divisions. That is, instead of the new chambers being potential individuals 
they are simply integral parts of one cell, and in the uninucleate form the 
single nucleus is found in about numerically the middle chamber. In the 
process of adding a new chamber a portion of the protoplasm is protruded 
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from the aperture and a new chamber wall then formed about it. In some 
cases a complete wall is formed with each newly added chamber, but in others 
the adjacent parts of previous chambers form the inner walls of the new' 
chamber, and new walls are formed only on the free parts of the protoplasmic 
mass. In the open tubular test, such as Adrorhka or Hyperammina, , increase 
in the protoplasmic body is accompanied by addition of material at the open 
end of the tube and an increase in size results. In single-chambered types, 
such as Lagena , the manner of increase in size is problematical, if there be any 
at all. In such forms the entire test may be made in its completed form at 
once after division, as is the case in certain of the fresh-water Rhizopods. 

In the tests having more than a single chamber the apertures of the first- 
formed chambers become internal as a rule, and a complexity of relations to 
the outside medium is thus brought about. One of the simplest arrangements 
of the chambers is a linear series. Such an arrangement is seen in Reophax 
and Hormosina. Another very common plan of arrangement is a planospiral, 
as in Ammodiscus. This may be varied by having the revolving line in a spire 
and then the whole test becomes trochoid, as in Trociiammim . Another 
common arrangement is a biserial one, the chambers being on opposite sides 
of the axis, as in Textularia. These four plans or some modification of them 
are the characteristic arrangements for the chambers in most of the secreted 
tests. Oftentimes more than one plan of arrangement enters into the forma- 
tion of the test. Dimorphism was used for this, but that term has been used 
elsewhere with a very different meaning. As here viewed, this life-history 
with several distinct methods of growth has a deeper significance than has 
usually been attached to it. It seems to have a definite phylogenetic bearing 
in each particular group. The term “ dimorphism ” would hardly cover the 
case in some genera, where eight or more distinct stages may be made out, 
each with its characteristic form of chamber, yet all appearing successively in 
a single test. 

The number of chambers in the complex tests varies from a few to a great 
many. Where the size of the test becomes considerable and the chambers 
correspondingly large, the chamber is often divided up in various ways into 
chamberlets, as in Orbit olites. In such cases the adjoining chamberlets are 
usually in free communication with one another. The walls of the chamber- 
lets give additional strength in many forms in which they are developed. 
Another characteristic modification in some genera is the development of 
labyrinthic structures in the interior of the chambers. Such structures are 
seen in Cyclammina , Haplostiche, Fabnlaria , etc. In general, it seems to be a 
mark of the culmination of certain lines in development, and many of the 
genera which developed such labyrinthic structures are now extinct. From 
the appearance of a series of such tests of one species at different stages in 
development, it would seem as though this labyrinthic condition was developed 
as a secondary growth in the chamber. One of its uses may be to give added 
strength to the test, but this does not always seem to be the case, for it may 
occur in tests which are characterised by thick walls. 

The aperture in a given species seems to be rather constant when the 
development is understood. Much has been written upon this subject; 
apertural characters have been used by some authors as a basis for systematic 
work, and discarded by others as very variable. In a few specimens it may 
seem at first sight as though the apertural characters were very variable, but 
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with a large series showing different stages in development another phase of 
the matter is presented. In certain cases there is a very decided change 
in the condition of the aperture, but these changes appear at different stages 
in the life-history, and all may be seen by cutting back a single full-grown 
individual. In general, it has seemed from recent studies that apertural 
characters, when studied in large series, are a rather dependable set for 
systematic work, and this is true in the Miliolidae and Lagenidae especially. 

In many species teeth of various sorts are developed in the aperture, and 
these teeth are subject to various modifications. It can be demonstrated 
that these modifications occur in a definite sequence, and that this sequence is 
important from a phylogenetic point of view. 

In a considerable number of genera a definite tubular neck is developed, 
with the aperture at its end. This neck is seen in many genera in a great 
many modifications, and in Lagena the tube may be inverted and be directed 
into the chamber of the test. 

It is obvious that a very long slit-like aperture may be a source of weak- 
ness to the test, especially when it is at the edge of a thin chamber. Usually 
in such cases, as in Orbit oliies, the animal changes its aperture from a single 
one in each chamber to a considerable number. This is often coincident with 
the development of chamberlets, but not invariably so, for multiple apertures 
occur in Peneroplis where there are no chamberlets. 

Many of the tests of the Foraminifera are beautifully ornamented. Raised 
costae, striations, knobs, spines and punctate areas form the main types of orna- 
mentation. Several of these or combinations of them may occur in a single 
species, the form of the ornamentation often changing as the chambers of the 
test are developed. Certain of the simpler forms of ornamentation may occur 
as parallelisms in widely separated groups. As a rule, the proloculum and 
early chambers are smooth and unornamented, but there are certain exceptions, 
as in Nodosaria , for example, where in some species ornamentation may occur 
on the first chamber. In specialised genera it is not uncommon to find certain 
of the species with the early portion of the test ornamented, but the last- 
formed chambers with a loss of ornamentation and a consequent development 
of smooth chambers. On the other hand, there may be a thickening of the 
test from without and the covering of the chambers already formed with a 
secondary growth, often spinose. Such a condition is seen in some species of 
Bulimina . 

Ordinarily the different parts of the test are connected with one another 
by the previous apertures, but in some cases, notably in Polystomella , there is 
a secondary canal system which is very complex and runs to all the parts. 
This has been worked out by Carpenter and others in detail. 

For many of the Foraminifera two distinct phases have been discovered. 
One of these, the microspheric form, has a proloculum or first chamber of 
much smaller size than the qther — the megalospheric form. These two forms 
are to be looked for in all species. 

The microspheric form (Fig. 4, B) has a number of nuclei, often a larger 
number than there are chambers, scattered irregularly through the protoplasm 
of the body. There seems to be a rather definite relation between the size of 
the nuclei and the size of the chamber in which they occur, the larger nuclei 
being in the larger chambers and the reverse. Apparently these nuclei simply 
divide in their reproduction during the growth of the test. 
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When the animal attains its adult stage there is a great increase in the 
number of pseudopodia, and the entire protoplasm either leaves the test and 

accumulates about the exterior or is 
drawn into the outer chambers. 
Finally, each nucleus gathers a mass 
of protoplasm about itself and secretes 
the proloculum of a new test. This 
newly formed proloculum is of the 
larger type and is the first chamber 
of the megalospheric form, instead of 
being of the same size as that of the 
microspherie parent from which it was 
miciosphere m/j (after schiumbergei) derived. The megalospheric form (Fig. 

4, A) differs from the microspherie form 



in having a single nucleus. This does not divide, but moves along as new 


chambers are added, 
keeping in about the 
middle chamber nu- 
merically. Nucleoli 
appear in increasing 
numbers as the growth 
continues, and finally 
the whole nucleus 
breaks down and a great 
number of minute nuclei 
appear. These draw 
about themselves por- 
tions of the protoplas- 
mic mass and then di- 
vide by mitotic division. 
Finally, the mass leaves 
the test in the form of 
zoospores. These are 
then supposed to con- 
jugate and to give rise 
to the small proloculum 
of the microspherie 
form, thus completing 
the life cycle, although 
the actual process of 
conjugation has not de- 
finitely been observed in 
this group. The empty 
tests left behind must 
form a large propor- 
tion of the dredged 
Foraminifera. The 
two forms may be dis- 



Fio. 5. 


Deep-sea ooze magnified 700 diameters, a , JBnthybim with Coccoliths ; 
h, Individual Discoliths and Cyatholiths ; c, Coccosplieres ; el, Olobigerlna ; 
r, Ghibiqenna with bursted test; /, Textulana; y, rj, Rcediolanu; ft, ?, 
Diatoms ; 7:, 1, Sponge spicules ; w, Mineral fragment 


tinguished by the size 


of the proloculum and, when sufficiently known, by other characters as well. 
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The microspheric form is thus the result of a conjugation or sexual process, 
while the megalospheric form is the result of simple division or an asexual 
process. As a rule the megalospheric form is by far the most common, and 
in many species the microspheric form is very rare, or even as yet unknown. 
The microspheric form, while it starts as a smaller individual, in most cases 
attains a much larger size than the megalospheric, as might be suspected from 
the nature of the reproductive processes by which it is formed. In species 
where there are definite stages in development it is usually the microspheric 
form which repeats these most fully, these stages being reduced or entirely 
skipped in the megalospheric form of the species. 

In some cases the megalospheric form may give rise to a group of megalo- 
spheric young instead of to zoospores. On the whole, the life cycle agrees well 
with the alternation of generations as seen in certain other groups of animals. 



F , Thm slice of Planerkalk irom Bohemia, 

u ‘ viewed in transmitted light under power of 

Specimen of prepared White Chalk from Meudon, as seen in 50 diameters, showing sections of Kodnsaria^ 
transmitted light under power ot 300 diameters, showing Textu - Jiotnhn, Frundiculunn , and numerous iso- 
'<tnu, Glob tyer urn, and Ilotulm. lated Glnbtgemm chambers. 

The vast majority of Foraminifera are marine in habit. They occur in 
shallow water bordering the coasts, sometimes attached to algae, sometimes 
creeping on the bottom. A few genera are extraordinarily abundant in the 
open sea, being found at different depths as free-swimming forms, and also on 
the floor of the ocean. Enormous quantities of their remains are spread over 
vast tracts of the sea-bottom, and down to a depth of 2300 fathoms they 
remain an essential constituent of the deep-sea ooze. This is a finely divided 
agglomeration of decomposed calcareous substances, such as the shells of 
mollusks, corals, bryozoans, coccoliths, radiolarians, diatoms, sponges and 
Foraminifera. Of the latter, certain genera are remarkable for their extra- 
ordinary abundance ( Gbbigerina , Orbulina , Pulvinulina , Biloculina) (Fig. 5). 

In the Atlantic and Pacific Oceans Globigerina ooze is the prevailing deep- 
sea deposit ; in the North Sea, along the coast of Norway, Biloculina ooze. 
Numerous limestones and marls of older geological periods exhibit great 
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similarity in structure and chemical composition to the now forming deep-sea 
oozes. White Chalk (Fig. 6) is clearly a variety of abyssal ooze, from which 
siliceous constituents have become segregated out, and in which Text-ularia 
predominate instead of Globigerina. Certain of the Eocene limestones of the 
Paris basin are composed almost exclusively of the tests of Miliolidae , while 
others are made up of Alveolinae and Nummulites. During the Carboniferous 
period the chief r61e as rock -building organisms was played by Fusulina. 
Many dense, apparently homogeneous, or even semi-crystalline limestones of 
various ages, when examined microscopically in thin sections, are seen to be 
composed in large part of Foraminifera and other organic bodies (Fig. 7). 

Fossil Foraminifera are best preserved, being usually detachable from the 
matrix, and at the same time occur most abundantly, in unconsolidated marls 
and clays which are interbedded with calcareous strata, or in limestones of a 
chalky or earthy character. 

The tests of Foraminifera were first discovered by Janus Plancus, in 1730, 
on the beach of Rimini, and in the following year they were found by Beccari 
in the Pliocene of Bologna. They were long considered to be shells of 
mollusks, and were described by Breyn, Soldani, Fichtel, d’Orbigny and 
others as Cephalopoda foraminifera , in distinction from Cephalopoda siphonifera. 
Dujardin, in 1835, was the first to recognise their true character as belonging 
to the Rhizopoda. 


Family 1 . Q-romidae. 

Test chitinous with an aperture at one or both ends /or the pseudopodia. 

The animals belonging to this family are mostly fresh-water species and 
their occurrence as fossils is unknown. 

Family 2. Astrorhizidae Brady. 

Test composed of agglutinated material for the most part , occasionally with a 
chitinous inner layer , consisting of a chamber with several openings or a tubular 
test open both ends; or in certain forms of a closed chamber with a single 
aperture . Throughout the family the test is not divided into a series of chambers . 

Recent and very abundant at depth. Fossil in Paleozoic and later 
formations. 

Subfamily A. Astrorhizinae Brady. 

Test consisting usually of a tube open at both ends or with several tubes entering 
a central chamber ; in some species with the tube branching. 

The genera Astrorhiza, Rhabdammina , Marsipella , Bathysiphon and 
Rhizammina make up this subfamily. Apparently fossil since the Upper 
Jurassic and common in Recent. 

Subfamily B. Saccammininae Brady, 

Test consisting of a single chamber , or group of superficially attached chambers . 
The walls made up for the most part of agglutinated material ; apertures sometimes 
numerous but usually single ; tests free or attached . 
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Sacmmmina Sars. (Fig. 8). Shell thick, with labyrinthiform interior ; 
spherical, pear-shaped or fusiform, with tubular prolongations at one or both 
ends ; sometimes united together in chains. Ordovician (Ayrshire), Devonian 
(Canada), Carboniferous and Recent. Entire strata of Carboniferous rock 
near Elf hills, Northumberland, are built up by S. carted Brady. 

Large-sized species of Astrorliiza , Psammosphaera , Saccammina , Hyperammina , 
and Ehabdammina are described by Hausler from the Upper Jurassic (Trans- 
versarius beds) of Switzerland. 

Thurammina Brady. Test free, monothalamous, irregularly spheroidal, 
usually with excrescences or spiny processes. Upper Jurassic and Recent. 

Subfamily C. Hyper aaiaiinixae. 

Test consisting of a globular proloculum ami a more or less elongatul , some- 
times branching portion , but not divided into chambers ; free or attached wall 
of various agglutinated materials . 

The genera Hyperammina, Saccorhiza , Tolypammina , Ammolagena , Jaculella 
and Sagenina make up this subfamily. Some of these occur as fossils. 

Subfamily D. Ammodiscixae Cushman. 

Test composed of a globular proloculum and long undivided tube , closely coiled , 
either planospirally 01 in changing planes or to form a spiral test ; wall of fine 
sand with much cement . 

Ammocliscus Reuss. Test free, composed of a proloculum and long 
coiled tubular chamber. Carboniferous to Recent. 

Family 3. Lituolidae Brady. 

Test composed of agglutinated material for the most part ; consisting of two or 
more chambers ; arranged in a linear, coiled or irregular series; apertures usually 
one to each chamber , but sometimes more. 

The tests included in this family all have the wall composed of ag- 
glutinated material with a varying amount of cement in the different genera. 
Throughout the family as here used the tests are composed of two or more 
chambers and a definite proloculum is apparent. Usually the tests are 
composed of a series of chambers. 

Subfamily A. Ascheaionellinae Cushman. 

Test composed of agglutinated material, divided irregularly into chambers without 
a definite plan of arrangement. 

Subfamily B. Reophacixae Cushman. 

Test of agglutinated material, sand grains, sponge spicules , etc., with a varying 
amount of cement , chambers in a linear series, aperture single at the distal end of 
the last-formed chamber. 

Reophax Montfort. Test free, composed of a lineal series of chambers, 
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joined end to end in nearly a straight line, curved but not coifed, wall 
coarsely arenaceous, chambers undivided, aperture simple and terminal. 
Carboniferous to Recent. 

Haplostiche Reuss (Fig. 9). Test similar to Beophax but the chambers 
divided into labyrinthic cavities, aperture in adult made up of several pores 
or dendritic. Jurassic to Recent. 


Subfamily C. Trochammininae Brady. 

Test composed of several chambers , either in a piano spiral coil , trochoid or other- 
wise arranged; wall composed of sand grains of varying degrees of coarseness 
cemented with a calcareous or ferruginous cement ; free or attached. 

Trochamminoides Cushm. ( Trochammina Reuss, pars ) (Fig. 10). Test free, 
composed of several coils, each constricted into a number of chamber -like 
portions with large openings between ; wall of fine sand and yellowish-brown 



Fig n. 

.1, Sarutttlttthut niitvn 
Biady. Carboniferous Lime- 
stone ; Elfhills, Northum- 
berland Vi. Ii, Fractured 
test, filled with intenor cal- 
cite. io/i (after Brady). 



Fig. 9. 

Haphrtiche 
hoiuda Schwa - 
"er. Uppei 
Jurassic (Im- 
piessa clay) ; 
Gruibm gea, 
Wurttemberg. 



Fig 10. Fig. 11. 


Ti'orhamminu pm- Litnoln (Hnplo- 
teu* Karrer Vienna phmqmiwm) irrer/n- 
sandstone(Senoman), Ians Roemer Sca- 
Hutteldort, near phiten - Planer , 
Vienna. Krondorf, Bohemia. 



Fiu 12. 

PhtropsUlna 
/•oht/atoQuenst. 
sp. Upper Jur- 
assic (Impressa 
clay); Reichen- 
bacli, Wurttem- 
berg. 


cement, aperture simple at the end of the last-formed chamber. Lias to 
Recent. 

Ammobaculiies Cushm. (Haplophragmium Reuss, pars) (Fig. 11). Test free, 
chambered, early portion close-coiled in one plane, later portion uncoiled and 
made up of a more or less linear series of chambers ; wall coarsely arenaceous, 
fairly thick ; aperture single, at the centre of the terminal face of the uncoiled 
portion, but in the coiled portion at the base of the apertural face. Carboni- 
ferous to Recent, particularly abundant in the Jurassic and Cretaceous. 

Blacopsilina d’Orb. (Fig. 12). Test rugose, arenaceous, attached, and 
divided into pyriform or spherical chambers, which are joined in chains or are 
irregularly united. Lias to Recent. 


Subfamily D. Neusininae Cushman. 

Test arenaceous with some chain, broad and flattened, of many chambers , early 
portion coiled, later chambers broad and spreading ; sides with elongated chitinous 
filaments. 

Here is placed the single recent genus Neusina Goes. 
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Subfamily E. Orbitolinixae. 

Test siliceous , imperforate, cr uteri form and composed of concentric cumuli which 
are partitioned off into numerous chambers. 

Orbitolina Lam. (Fig. 13). Test composed of agglu- 
tinated sandy particles; bowl -shaped to depressed 
conical ; upper surface convex, lower slightly concave ; 
externally smooth or with concentric bands. Test 
composed of multilocular rings, the chambers com- 
municating with one another on all sides by pores. 

The outer portion of each chamber is subdivided by 
two secondary partitions disposed at right angles to 
each other. Very abundant in the Lower and Upper 
Cretaceous. 0. lenticularis and 0. concava Lam. 

Family 4. Textulariidae Scliultze. 

Test either arenaceous or calcareous , perforate , the chambers usual] if numerous , 
essentially biserial or triserial , or in some genera spirally arranged. 

The family Textulariidae is apparently the most primitive, after the 
Lituolidae A number of the genera are wholly or in part composed of 
species with arenaceous tests, which is in itself a primitive character in the 
group. In many species both the microspheric and megalospheric forms 
are known. In the microspheric form, which repeats most completely the 
phylogenetic characters, a coiled early development succeeding the proloculum 
is commonly found. This stage may be compared to the entire development 
of such a genus as Haplophragmoides in the Lituolidae. 

Subfamily A. Spiroplectinae Cushman. 

Test either coarsely arenaceous or calcareous , or even hyaline , the early chambers 
following the proloculum closely coiled , the later chambers biserial , occasionally tending 
to become uniserial in the last developed chambers. 

This subfamily includes the single genus Spiroplecta Ehrb., which in its 
developmental stages connects the Textulariidae with the Lituolidae. Its de- 
velopment is primitive in that the stages are seen in both the microspheric 
and megalospheric forms of the species, and are of comparatively long duration. 
Cretaceous and post-Tertiary. 

Subfamily B. Textularinae Brady. 

Test typically biserial , early portion in microspheric form often with a few coiled 
chambers , followed by biserial ones , later chambers variously modified in different 
genera , uniserial , broadly extended , etc. TFall either arenaceous or calcareous and 
hyaline , perforate ; aperture single, or in a few cases, many present in a single 
chamber. 

Textularia Defr. (Fig. 14, A). Test usually elongated, straight, tapering, 
or turbinated. Chambers biserial, alternating and communicating with each 


u b 



Fig. 13. 


Orbitolina cononra Lam. 
Cenomanian ; Urschelau, 
Bavarian Alps, a, Interior 
surface ; 6, Superior sur- 
face ; r, Transverse section 
(enlarged). 
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other by means of slit-like apertures. Carboniferous to Recent. Extremely 
abundant in the White Chalk. 


A Ji C D K F 



Fig. 14. 


- 4 , Textulnrui tjlohifntt Reusss Upper Cretaceous (Senomau) , Pattenauer Stollen, near Traunstein, Bavaria 
B, Duhvina inciassatn Reuss. Uppei Cretaceous, Gotzreuther Giaben, npai Siegsdorf, Bavaria. <\ Plecaiuuw 
llthbouun d’Orb. Pliocene; Sienna, Italy. D, Gnmoiostomum (Fuluuhna) (/rumen d’Orb. Recent; Cuba. Vi', 
Gtiudi yina rutjosu d’Orb Upper Cretaceous. Gotzreuther Graben, near Siegsdorf F, Vlavulimi communis 
d'Orb. Miocene , Baden, near Vienna. 


Bolivim d’Orb. (Fig, 14, B). Test biserial throughout, aperture elongate, 


c 



: m % lc %. iana d'Orp Miocene (Leitliakalk) ; Nussdorf, neai Vienna. B, BuLnwia vuutnd&t d’Orb 
Sanie locality. C,Clim<acaiiimina textularijormis Moller. Carboniferous Limestone ■ T)n n no ffamqia Tnnm' 

Eussta 1 (Holler). Carbomferous^uneftone ; Sloboda’ 

rtussia. y'/i (after Moller). E, yahuhnasp Eocene (Calcaire Grossier) • Grnmon near Pans w Tptwtnvia 

S B *““* “ ** 


usually wider at one end, hyaline in young, thickened with age. Cretaceous 
to Recent. 
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Climacammina Brady ( Cribrostomum Moller), (Fig. 15, G, D). Test 
arenaceous with calcareous basis. Chambers biserial, rectilinear. Oral aper- 
ture porous. Abundant in Carboniferous Limestone (cf. Bigenerina d’Orb.j. 

Subfamily 0. Verneuilininae Cushman. 

Test at first triserial , later biserial or even uniserial in some genera . 

Gaudryina d’Orb. (Fig. 14, E). Test free, early portion triserial, later 
chambers arranged biserially, wall usually arenaceous. 

Clavulina d’Orb. (Fig. 14, F). Test at first triserial, latest developed 
portion uniserial. Eocene to Becent. 

Valmlina d’Orb. (Fig. 15, E). Test arenaceous with calcareous basis. 
Chambers in triple series arranged in screw-like spiral. Carboniferous to 
Recent. 

Tetrataxis Ehrbg. (Fig. 15, F). Test calcareous, conical. Alternating 
chambers arranged in a turbinate spire. Carboniferous Limestone. 

Subfamily D. Buliminisae Brady. 

Test composed of chambers in an elongate spiral , aperture elongate , loop-shaped, 
usually oblique, test calcareous , hyaline in young. % 

Bulimina d’Orb. (Fig. 15, A, B). Test calcareous, the alternating 
chambers arranged in an elongated spire. Triassic to Becent. 

Subfamily E. Cassidulinixae Brady. 

Test with the chambers liserial but combined with a spiral or volute arrangement 
making a complex test . 

EhrenberginaBQMss (Fig. 15, G). Test calcareous, the alternating biserial 
segments either completely or only partially coiled. Tertiary and Becent. 

Cassidulina d’Orb. Tertiary and Becent. 

Family 5. Chilostomellidae. 

Test calcareous, finely perforate, composed of numerous chambers, following each 
other from the same end of the long axis, or alternately from the two ends, or 
in cycles of three. 

The genera Ellipsoidinct Seg., Ghilostomella and Allomorphina Beuss compose 
this family. Cretaceous to Becent. 

Family 6. Lagenidae Carpenter. 

Test calcareous , vitreous, finely perforated, one or more chambers placed in a 
straight line, coiled or variously arranged. 

Subfamily A. Lageninae Brady. 

Test monothalamous, flask-like. 

Lagena Walker (Fig. 16, A). Test single-chambered, spherical, ovate or 
flask-shaped, with terminal oral aperture. Silurian to Becent. 
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Subfamily B. Noposarinae Brady. 


Test either coiled or uniserial, or a modification of one or the other. 

Noclosaria Lam. (Fig. 16, B). Test rod-shaped ; chambers arranged in 
a linear series and set off from one another by constrictions ; oral aperture 
round, terminal. Abundant and widely distributed from Silurian to Recent. 


A J 3 f D K F 



A, Luxjena semistriata Williamson. Antwerp Crag (Pliocene) ; Antwerp. B, Nodosana npuilcusta cl’Orb. 
Tegel (Miocene); Baden, near Vieffoa. I Bcntahna flegans d'Orb Same locality D, Cnstellana rotulatn Lam. 
Scaphiten- Planer (Turonian) , Bohemia. E, Vayinuhna recta Beuss. Neocoiman ; Salzgitter, Hanover. F, 
LinOitlinacostntcL d'Ovb. Tegel (Miocene) ; Baden, near Vienna. 


Dentalina d’Orb. (Fig. 16, C). Like the preceding, but test slightly 
arcuate. Carboniferous to Recent. 

Lingulina d’Orb. (Fig. 1 6, F). Test rectilinear, compressed ; segments 
regularly attached ; aperture terminal, slit-like. Trias to Recent. 

Glandulina d’Orb. (Fig. 17, A). Test abbreviate, ovate; segments united 
in rectilinear series, half embracing one another. General aperture round, 
terminal, tubiform. Trias to Recent. 

Faginulina d’Orb. (Fig. 16, E). Test rectilinear, laterally compressed; 
segments flattened, with obliquely directed septa. Trias to Recent. 

Marginulina 
d’Orb. Early portion 
arched or helicoid, 
later segments recti- 
linear. Terminal 
aperture slit - like. 
Trias to Recent. 

Cristellaria Xam. 
(Fig. 16, D). Test 
regularly planospiral, 
with convolutions 
completely envelop- 
ing one another. Ter- 
minal aperture round. 
Trias to Recent. 

Fronclimlaria Defr. (Fig. 17, D). Test extremely compressed and foliately 
expanded in a single plane ; chambers reflexed and laterally embracing one 
another. Terminal aperture round. Trias to Recent. 


A li C D E 



A, Glandulina mflata Boruem. Septanenthon (Oligocene) ; Hermsdorf. 
B, Polymorphuta mflata Williamson. Recent ; German Ocean. C, Dumrphina 
sp . Pliocene; Sienna, Italy. D, Frondicularia qoldfus&i Reuse. Scaphiten- 
Planer; Dulmen, Westphalia. E, Uvigenna pyymaea d'Orb. Tegel (Miocene) ; 
Baden, near Vienna. 
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Subfamily 0 . Polymorphininae Brady. 

Test composed of chambers arranged spirally or irregularly about the long axis ; 
aperture usually radiate. 

Polymorphina d’Orb. (Fig. 17, B). Segments irregularly helicoid, or 
arranged biserially, more or less enveloping one another and variable in shape. 
Terminal aperture round. Trias to Eecent. 

Dimorphina d’Orb. (Fig. 17, C). Early chambers irregularly or triserially 
arranged, later ones following in rectilinear fashion. Cretaceous to Eecent. 

Subfamily D. Uvigerinixae Cushman. 

Test composed of chambers arranged triserially about the long axis ; aperture 
usually simple , with a definite neck and a phialine lip . 

Uvigerina d’Orb. (Fig. 17, E). Segments dissimilar, disposed in triple 
series, and spirally wound like a gastropod shell. Eocene to Eecent. 

Subfamily E. Kamuloinae Brady. 

Test composed of chambers with long tubulariform tubes . 

Ramulina Eupert Jones. Test branching, consisting of rounded chambers 
joined by stolon-like tubes. Eecent, and possibly also represented in the 
Cretaceous. 


Family 7. Globigerinidae Carpenter. 

Test free } calcareous , perforated by coarse tubules ; monothalamous or poly - 
thalamous ; chambers globular , either irregularly disposed or imperfectly spiral. 

Of the two principal genera belonging to this family, Orbulina d’Orb. (Fig. 
18, A) is unilocular, and Globigerina d’Orb. (Fig. 18, 0) is multilocular. The 
individual chambers 
usually open into a 
common central 
canal. In both 
genera the test is 
often covered with 
extremely delicate 
calcareous spines, 
which, however, are 
very easily broken 
off, and are never 
preserved intact in 
the fossil state. 

Both these genera 

are excessively abundant in existing oceans (Globigerina ooze) ; they occur 
sparingly in the Trias and throughout the Mesozoic, first becoming important 
during the late Tertiary. 

Sphaeroidina d’Orb. (Fig. 18, B). Characters few, so coiled as to form a 
nearly globular test ; aperture with a valvular lip. Cretaceous to Eecent. 



Pig. IS. 

A, Orhuhna uni versa Lam. Pliocene ; Sienna, Italy. B. Sphaeroidina 
austnaoa d’Orb. Miocene Tegel ; Baden, near Vienna. C, Glolmjrrina con- 
{llomcrata Sch wager. Pliocene ; Kar Nikobar Island, a. Inferioi surface ; 
h„ Superior surface ; c, Portion of periphery ; d, Transverse section enlarged. 
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Family 8. Rotalidae Carpenter. 

Test calcareous , perforate, free or adherent , typically spiral at least in the young. 

Subfamily A. Spirillininae Brady. 

Test a flat spiral , without divisions, free or attached . 

Spirillina Ehrenberg. Test a planospiral imdivided tube, free or attached. 
Miocene to Recent. 


Subfamily B. Rotalinae Carpenter. 

Test calcareous , rarely arenaceous or siliceous, finely or' coarsely perforated, 
frequently with intermediate skeleton , free or adherent, turbinate or discoidal in 
contour . Segments usually arranged in an elongated spire, although in some forms 
irregularly disposed. 

Discorlina Parker and Jones (Fig. 19, A, B). Test coarsely perforated, 


B 

a b C 



Fro. 10. 


J, Discorbina ( Astfrigenm ) plunorbis d’Orb Miocene (Leithakalk) ; Nussdorf, near Vienna. B, Durnrhinn 
sp Recent. a, Under side; b, Uppei side; c, Lateral new; i/, Median section. (\ Planorbnlum nmhtvi'- 
mneiutis d'Orb. Recent ; Meditenanean. a, Inferior surface ; h, Superior surface ; c, Transverse section. 


turbinoid ; lower surface broad and flat ; umbilicus often filled with deposit 
of intermediate skeleton. Cretaceous to Recent. 


A BCD 



Fig. 20. 


A, Eotalia becean Lin. Pliocene; Sienna, Italy. £, Pulvinnlina partschi d’Orb Miocene (TegelV Baden 
near Vienna. C, En&athyra panderi Moller. Carboniferous Limestone: Russia 20/, n Bndothvra vmAl 
MoIIei*. Lower Carboniferous ; Russia Longitudinal section, ioo/j. u p 

Planoi-bulim Parker and Jones (Fig. 19 0). Test coarsely perforated, com- 
planate, usually attached, upper and lower surfaces dissimilar : early segments 
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arranged in a depressed spire, subsequently becoming cyclical. Lias to 
Recent. Various subgenera, named by d’Orbigny Truncatulina , Anomalina , 
Planulina , etc., are based upon slight modifications in form. 

Botalia Lam. (Fig. 20 A). Test finely perforated, with segments in turbinoid 
spire. Septa composed of two slightly separated lamellae, with anastomosing 
canals occupying the intermediate space. Base often thickened by supplemental 
skeleton. (?) Silurian. Upper Jura to Recent. 

Pulmnulina Parker and Jones (Fig. 20 B). 

Rotaliform, but septa simple without being per- 
forated by a canal system. Lower Lias to Recent. 

Endothyra PhilL (Fig. 20 C, B). Test cal- 
careous, composed of an external coarsely per- 
forated and an internal compact layer, the latter 
finely granular; segments numerous, coiled in 
an irregular spiral, terminal chamber opening by 
several apertures. Abundant in Lower Carbon- 
iferous, and existing at the present day, ac- 
cording to Brady. 

Galcarina d’Orb. (Fig. 21). Test discoidal, with dissimilar upper and lower 
surfaces ; chambers spirally coiled. Exterior encrusted with a supplemental 
skeleton which fills up all depressions and forms spinous or spur-like processes 
traversed by coarse canals. Upper Cretaceous to Recent ; very abundant in 
Maestricht Chalk. 



Fio. 21. 


Cretaceous 

Holland. 


(Tuflkreide) ; Maestricl 


per 

iht, 


Subfamily C. Tinoporinae Brady. 

Test of irregularly massed chambers , the early ones more or less distinctly spiral 
in their arrangement , usually without a general aperture. 

Tinoporus Montf. Patellina Williamson. 

The Recent genera Carpenteria Cray, Bupertia Jones, etc., are distinguished 
by their extremely irregular, coarsely perforated and usually adherent tests, 
which sometimes attain considerable size and often contain agglutinated, 
sandy or various other foreign particles. Thalamopora Roemer, occurring in 
the Cretaceous, probably also belongs to this subfamily. 


Family 9. Nummulitidae. 

Test calcareous , finely tubulated , polythalamous , free , spiral , usually bilaterally 
symmetrical. 


Subfamily A- Fusulininae Brady. 

Test fusiform or subglobular chambers extending from pole to pole , each convolu- 
tion completely covering the preceding whorls . 

Schwagerina Moller. Test spherical, finely perforated. Primary and 
secondary septa simple, thin, straight ; secondary chamberlets communicating 
with the next following principal chamber by means of a basal aperture. 
Abundant in Lower Carboniferous rocks of Japan, China, Sumatra, North 
America and Russia. 

VOL. i D 



34 


PROTOZOA — RHIZOPODA 


I’HYIiUJVl r 


Fusidina Fischer (Fig 22). Test fusiform, laterally elongated like 
Aheolina , coarsely perforated. Septa of principal chambers undulating, and 

a b a d 



Fig 22. 


AiFuiulnirt vyhndi'iua Fisch Carboniferous Limestone, Saramsk, Russia. Natural size. 71, O', Same 
species showing various cro.ss-sections enlarged. D, Enlaiged section showing chambers communicating by 
means of foramina (u, 6) 


united so as to form secondary chamberlets. Excessively abundant in 
the Lower Carboniferous of Europe (Russia), Asia and North America. 



Fig. 23. 


Polydomella crispa Lam. 
Pliocene ; Sienna, Italy. 
(Highly magnified.) 


Subfamily B. Polystomellinae Brady. 

Test bilaterally symmetrical , nautiloid , the more complex 
specimens with a well-developed secondary canal system . 

Polystomella Lamarck (Fig. 23). Test regular, equi- 
lateral, nautiloid, final whorl alone visible from the 
exterior. Jurassic to Recent. 


Subfamily C. Nummulitinae Brady. 


Test lens-shaped or flattened, higher forms with complex secondary canal system . 

Archaediscus Brady. Test lenticular, unsymmetrical, spirally coiled. The 
segments irregularly constricted and expanded so as to form chambers. Septa 
and canal-system wanting. Lower Carboniferous. 


a 



Fig. 24. 

Amphisteginahauen d’Orb. 

Miocene (Leithakalk) ; N uss- 
dorf, near Vienna, a, Extenor 
views, enlarged ; b, Natural 
size ; c, Median section, 
greatly enlarged; d , Tians- FT Operculum amplanata Bast.). Miocene; Bor- 
verse section, greatly en- deaux. a, Natural size ; b, c, Median and longi- 
larged. tudinal sections, greatly enlarged. 


Fig. 2."j 



Fig. 20. 

Heterodefjim codata d’Orb. 
Miocene (Leithakalk) ; Nuss- 
dorf, near Vienna. 


Amphistegina d’Orb. (Fig. 24). Test lenticular, slightly inequilateral, 
spirally rolled. Whorls divided into chambers by numerous single septa in 
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which canals are not present; solid wedge-shaped deposit of intermediate 

(l h V il e 



n ch (id 

Fig. 27. 

Nummuhtes cfr. lucasanus Dfr. Eocene; Kressenbeig, Upper iia\ana. Several times enlarged. 
a, Marginal cord with canal-system ; b, Septal plane with mterseptal canal-system ; c, Intenor of chamber ; 
< l > Finely perforate periphery ; e, Small pillars of intermediate skeleton. 


skeleton near the umbilicus. On one side the volutions completely enclose 
one another as far as the centre, on the other they overlap 
only partially by means of alar prolongations extending in- 
wards. Chambers communicate with each other by means 
of a slit along the basis. Miocene to Recent. Particularly 
abundant in Miocene. 

Operculina d’Orb. (Fig. 25). Test discoidal, complanate, 
composed of three to six rapidly expanding spiral whorls, 
which are polythalamous and non-involute. Septa and 
Marginal cord traversed by a direct canal-system, which gives 
>ff numerous branches. Cretaceous to Recent. Particularly 
jibundant in Eocene. 

Heterostegina d’Orb. (Fig. 26). Like Operculina , but with chambers sub- 
divided by secondary septa into chamberlets. Tertiary and Recent. 



Fig: 2S. 

Nummuhtes ( Assi - 
hna ) expo liens Sow. 
Eocene ; Pyrenees. 



Nummulites gizehensis Ehrbg. Eocene ; Libyan Desert. _ Natural size. A •*, 
pheral portion, showing arrangement of septa. R 12 , Nwmnulites liM.viga.tus Lam. 
Natural size. B*, Portion of same enlarged. 2 , Nummuhtes mmondb Defr. 
stone); Pyrenees. Natural size. C&, Enlarged section. 


Specimen with eroded peri- 
Calcaire Grossier; Paris. 
Eocene (Nummulitic lime- 


Nummulites Lam. (Phacites Blumenb. ; Lenticulites Lam.) (Figs. 27-29). Test 


symmetrically lenticular or discoidal, composed of numerous spirally arranged 
polythalamous volutions, and usually with columnar intermediate skeleton, 
which forms small excrescences on the periphery. The septa and marginal 
cord contain a coarse, anastomosing canal-system, as in Operculina. Primordial 
chamber spherical, sometimes large, sometimes exceedingly minute in size. 
The whorls either merely embrace one another ( Assilinct ) (Fig. 28), or they 
completely envelop one another by means of alar prolongations reaching 

inwards to the centre (. Nummulina ). 
The septa are pierced in the median 
plane by an oblique slit-like aper- 
ture, and also extend into the saddle- 
shaped alar prolongations of the 
^chambers. They are directed in 
the groups Eadiatae and Striatae in 
straight or slightly curved lines 
(Figs. 27 and 29, G ) ; in the 
Sinuatae they follow meandering 
courses (Fig. 29, A) ; and in the 
Reticulatae (Fig. 29, B) they form 
an interlacing network by means 


A B 



Fig. 30. 


A, Nummulitic limestone with horizontal sections of 
N. dibtans Pusch. Peyrehorade, m the Pyrenees. B , 
Nummulitic limestone showing sections of N lucasanus 
Defr. Zakophane m the Carpathians. 


of connecting processes. The rami- 
fications of these lateral processes 
(filet cloisonnaire) may be readily 


seen on fracturing a portion of the 
test, and are a valuable aid in the determination of species. The oldest 
Nummulites (N. pristinus Brady) occur very sparsely in the Carboniferous 
limestone and Upper Jurassic, but are distinguished from the typical later 
forms by the absence of an interior canal-system in the marginal cord. 
typical Nummulites which are so characteristic of the Eocene l[Nummuliti a 
limestone) in Europe, North Africa, Asia and Central America, often build up 
massive formations. The largest species (N gizehensis Ehrbg., N. orbiculatuz 
Schafh.) attain a diameter of 60 mm. • the smallest species does not exceed 
2 mm. ; recent representatives comparatively scarce. 


Subfamily D. Cycloolypeinae Brady. 

Test fiat with a thickened centre , or lens-shaped , consisting of a disc of chambers 
arranged in concentric annuli with peripheral thickenings , septa double with inter- 
septal canals . 

Orbitoules d’Orb. (Eymenocyclus Bronn ; Lycophrys Month) (Fig. 31). Test 
discoidal, with circular or stellate contour, often bent, exterior smooth or with 
radial striae, and composed of numerous concentric annuli disposed about a 
primordial spiral of three to five whorls. The rings are divided by transverse 
partitions into small rectangular chambers, and the septa and marginal cord 
are traversed by canals. Superimposed over the median series of principal 
chambers on both sides are several layers of flattened secondary chamberlets, 
which are likewise disposed in concentric rings. Very abundant in the Eocene,' 
associated with Nummulites ; rare in Upper Cretaceous and Miocene. 

Cydoclypeus Carp. Miocene and Recent. 
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Dawson, Carpenter and various other authors have referred the so-called 
Eozoon occurring in crystalline limestone of the Archaean (Laurentian) period 
to the Foraminifera ; but the elaborate investigations of Mobius have shown 


c d a * i: f j -• /,* 



Pin. 81 . 

A, Orbitoules papymeea Boubee. Eocene (Fenugmous sandstone); Kressenberg. Upper Bavana, (Greatly 
enlarged), l Median chambers ; 2 Lateral chambers ; Compact pillars of intermediate skeleton. B. Portion of 
median transverse section, highly magnified; 2 Lateral chambers with perforate walls; 4 Canal - system of 
cyclical marginal cord ; 5 Tubules connecting adjacent chambers. C, Periphery and protile of same, natural 
size. D, Orbitoules tend! a Gumbel. Eocene ; Kressenberg, (Natural size) E, Orbitoules varieeostatu Gumbel. 
Eocene; San Martmo, near Verona. (Natural size,) F, Orbitoules ephiiipvna Sow. Eocene; Kressenberg. 
(Natural size.) 


that neither Eozoon nor Archci eosphaerina can be regarded as organic structures, 
being merely mineral segregations. 


Family 10. Miliolidae Carpenter. 

Test of one or more chambers , calcareous and porcellanous, sometimes covered with 
sand , usually imperforate , but in some forms with the early chambers distinctly 
perforate . 

Subfamily A. Cornuspirinae Cushman. 

Test piano spiral^ usually of a prolocuhm and long coiled 
single chamber . 

Cornuspira Schultze (Fig. 32). Test composed of numer- 
ous piano-spiral convolutions ; oral aperture simple, terminal; 
monothalamous. Lias to Recent. 

Subfamily B. Nubeculariinae Brady. 

Test irregular and asymmetrical , the apertures variously placed . 

Nubecularia Defrance. Test at first coiled, later tubular or irregular; 
attached. Liassic to Recent. 



Fio. 32. 

Conuispim pulygym 
ReuhS. Oligocene ; 
Hungary. 
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Subfamily C. Hauerininae Brady 

First-formed pent of test Conmspka-like, later chambers spiral or otherwise 
arranged , apertures single . 

Ophthalmulimi Kubler. Early chambers like Cornnspira , later ones two 
or more to a convolution. Liassic to Recent. 

Hauerina d’Orbignv. Early chambers Milioline, later ones planospiral with 
two or more chambers to a convolution. Cretaceous to Recent. 


Subfamily D. Miliolenae Brady. 

Test at first spiral , then each whorl divided typically into two chambers , later 
chambers more numerous in the whorl or uniserial. 

Miliola Lam. (Figs. 33, 34). Chambers disposed in coil-shaped loops 
about a few spirally wound primordial chambers. Each chamber in tho 
a ji a d 



Fig 33. 


A, Bilocuhna monmta d’Orb. From the Miocene Tegel; Baden, near Vienna. B, Tnlnmhma uihlitt d’Orb. 
Oligoeene sand fiom Astrupp. (/, Sjnrulucuhmt hadenm d'Orb Miocene Tegel ; Baden, near Vienna. 1>, Quhe 
queloculina, suxorum d’Orb. Eocene (Calcaire Grossier) ; Gngnon, near Pans. 


adult forms a half coil. Terminal pseudopodial aperture either curving 
in the form of a crescent about a tooth-like projection, or branching den- 
dritically ( Lacazina ). Forms having all the segments disposed in a single 
plane, and all externally visible, are grouped together in the genus Spirolocu- 
lina d’Orbigny ; with all the segments completely enveloping one another, 
Biloculina d’Orb. \ segments disposed in three or in five different planes, 

Miliolina Will. ( = Trilocu- 
Ivm and Quinqueloculina 
d’Orb.). The great variety 
and profusion of these 
genera combine to make 
them some of the most 
important of the rock- 
building Foraminifera. 
Massive beds of Eocene 
limestone (Paris basin, 
Pyrenees) are made up of 
Miliola remains ; at the 
present day calcareous 
r t>. 7 7 . . , ^ ^ deposits are being formed 

by Bilocuhna m the North Sea west of the coast of Norway. MUiola first 
makes its appearance in the Trias, and attains its maximum development 
m the Tertiary and Recent periods. r 



Fig. 34. 


A j Longitudinal section of 
Bilocuhna inornatu d’Orb. 
(enlarged). B, Transverse 
section of Quinqueloculina 
saxorum d'Orb. (enlarged). 



Fig. 35. 

Fabulana dis- 
cohthes Defr. 
Eocene (Calcaire 
Grossier); Paris. 


Fig. 36. 

Vertebralma inu- 
cronaia d'Orb. 
Recent ; Medi- 
terranean. 



ORDER II 


FOKAMINIFEBA 


39 


Fahilaria Defr. (Fig. 35). Like Biloculina , but relatively larger. General 
aperture cribriform ; chambers not an empty cavity, but filled with porcell- 
anous or calcareous matter, and perforated by numerous anastomosing canals 
which are directed parallel with the axis of convolution. Abundant in the 
Eocene of the Paris basin. 

Vertebralina d’Orb. (Fig. 36). First-formed portion of test consisting of 
coil-shaped loops, the segments afterwards becoming joined in rectilinear 
series. Tertiary and Recent. 

Idalina Schlumb. Last -formed chamber completely enveloping all pre- 
ceding ones. Cretaceous. 


Subfamily E. Peneroplinae Brady. 


Test planospiral or cyclical , and bilaterally symmetrical ; apertures many . 


Feneroplis Montf. (Fig. 37). Test discoidal, complanate, poly thalamous ; 
direction of growth primarily spiral, gradually becoming rectilinear, while 
rapidly increasing in width. Septa perforated by numerous pores. Tertiary 
and Recent. 



Fin. 37. 


Flu. 3S. 


Fl(r. 3U. 


Pennoplm planatux 
Montfort. Recent , 
Mediterranean. 


Orlncuhna nummis- 
Malm d’Orlrigny. Plio- 
cene ; Sienna, Italy. 


A, Orhitohte'i cumplanata Lam. Eocene (Cal- 
caire Glossier); Pans. X?, Portion of same en- 
larged. 


Orbiculina Lam. (Fig. 38). Test discoidal, first-formed portion spiral, 
afterwards becoming annular ; polythalamous • septation regular, chambers 
subdivided ; septa and walls of segments perforate. Tertiary and Recent. 

Orbitolites Lam. (Fig. 39). Test discoidal, circular in outline, both surfaces 
slightly concave in the middle, attaining comparatively large size, and com- 
posed of segments which are arranged concentrically about a few spirally 
coiled primordial chambers. Septa radially disposed, and perforated by 
symmetrically placed pores. In the more complicated forms the principal 
Segments are invested with a superficial multilocular layer, the chambers of 
which are also arranged in concentric rings and communicate with the 
principal segments by means of pores. An important rock-building genus, 
ranging from the Lias onward. 0. praecursor and 0. circummha Giimbel are 
Jurassic, 0. macropora d’Orb. Cretaceous, and 0. complanata Lam. Tertiary 
species. 

Subfamily F. Alveolininae Brady. 

Test spiral , elongated in the direction of the axis of coiling ; chambers divided 
into secondary chamberlets . 

Alveolina d’Orb. (Borelis Montf.) (Fig. 40). Test fusiform, elliptical or 
spherical, usually elongated in the axis of convolution, and composed of 
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spirally wound segments which completely envelop one another. Each seg- 
ment is partitioned off into long, narrow chambers by septa arranged at right 
angles to the axis, and these are subdivided into chamberlets by a second 
set of septa running transversely to the first set. Each of the secondary 
chamberlets communicates with the adjacent primary chamber by means of a 

single round aperture. In 
certain Eecent species the 
secondary chamberlets are 
also subdivided. The 
genus begins in the Ceno- 
manian, continues in ex- 
traordinary profusion, and 
becomes a most important 
rock-builder in the Eocene. 
It is especially abundant 
in the Calcaire Grossier of the Paris basin, the Alveolina limestone of Istria, 
Dalmatia, Greece and the Libyan Desert. 



Fn. -in 

Alveoli an hiwi rt'Orb Eocene ^Calcaire Gio^ior) ; Pans. U, Fiontal 
aspect. 11, Test laid open so as to show conformation of interior ; 
considerably enlai^ed 


Subfamily G. Keramosphaerinae Brady. 

Test spherical, chambers arranged in concentric layers. 

Keramosphaera Brady. Test spherical, chambers more or less irregular, 
in concentric layers. Eecent. 


Range and Distribution of Fossil Foraminifera. 

More than 2000 species of Foraminifera have been described, of which 
number about two- thirds are known in a fossil state. The longevity of 
certain genera and species is remarkable, many of them persisting, according 
to Parker, Jones, Brady and others, throughout a number of formations of 
various ages. 

The earliest forms occur very sparingly in the Silurian of St. Petersburg, 
Siberia and Scotland. They are for the most part poorly preserved, those 
from Petersburg being recognisable only as glauconitic casts, belonging in 
part to siliceous shell-bearing genera (Placopsilina, Saccamina ), and in part to 
vitreo-perforate genera (. Nodosaria , Lagena, Globigerina, Eotalia). The Devonian 
is also very poor in Foraminifera remains ; but, on the other hand, the Carboni- 
ferous yields an abundant and considerably varied fauna; in fact, certain 
genera (. Fusulina , Schwagerina, Saccamina, Endothyra) build up limestone de- 
posits occasionally of great thickness. Numerous representatives of the 
Lagenidae ( Nodosaria , Dentalina, etc.), Textulariidae, Eotalidae, and even the 
Nummulitidae accompany the rock-building forms, and continue for the most 
part throughout the Permian. Except in the Alps, the Triassic is almost 
destitute of Foraminifera, and even the pure limestones and dolomites of the 
Alpine Trias have usually become so altered by metamorphism as to render 
the recognition of tests wellnigh impossible. Notwithstanding, Globigerina 
limestone has been discovered in the Upper Triassic of the Northern Alps, 
and tests of Cristellaria , Marginulina, Globigerina, Textularia , Biloculina, etc., are 
found in the St. Cassian beds. 

Certain argillaceous and calcareous strata of the Lias and Jura contain 
vast quantities of minute, vitreo-perforate or siliceous Foraminifera. In the 
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6 Cretaceous, Textularia , Eotalia , Cristellaria , Globigerina , MUida and coceoliths are 
essential constituents of the White Chalk. Individual beds of the Maestricht 
Chalk consist almost entirely of Calcarina remains ; in the Urgo- Aptian OrU- 
tolina is the chief rock-builder ; in the Upper Cretaceous Alveolina . 

The maximum development of the Foraminifera occurs in the Tertiary 
period. Massive beds of the Eocene Calcaire Grossier of the Paris basin and 
in the Pyrenees are composed of Miliolidae remains ; other Eocene limestones 
consist of Alveolina , Operculina , Orbitolites and Orbit oides aggregations. But of 
far greater geological importance are the Nummidites, which occur in incredible 
abundance in the Eocene and Oligocene Nummulites-formations of the Medi- 
terranean district, Asia Minor and Eastern Asia. 

During the late Tertiary the NnmmvUtes almost entirely disappear ; only 
Ampliistegina continues as an occasional rock-builder, and from the middle 
and later Tertiary on, the Foraminifera fauna remains very nearly the same 
as now. 
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[The foregoing chapter on Foraminifera has been revised for the present work by Dr. 
Joseph A. Cushman of the Boston Society of Natural History, Boston, Mass. — Editor.] 


Order 3. RADIOLARIA Muller. 1 

( Polycystina Ehrenberg.) 

Marine Bhizopoda emitting fine , filiform , radially directed pseudopodia, with 
central capsule and extra- cap sulum, and usually with delicate siliceous skeleton . 

The sarcode body of the Radiolarians is differentiated into (1) an inner 
central sphere or capsule of tough gelatinous-like protoplasm containing one or 

1 Literature : Ehrenberg, <?., Mikrogeologie, 1854 ; also memoirs on Radiolaria from Barbados, 
in Abhandl. Akad. Wiss. Berlin, 1872, 1875 .—Haeckel, E., Die Radiolarien, 1862.— -Idem, Report 
on the Radiolaria, in Sclent. Results Challenger Exped., Zool., vol. xviii., 1887. — fferticig , if., Der 
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more nuclei, vacuoles, alveoles, granules, oil -globules and sometimes crystals 
and surrounded by a capsule-membrane perforated by pores or pylae ; and 
(2) an outer jelly-like extra-capsulum, the sarcode of which emits pseudopodia. 
The individuals lead usually an isolated existence, and are only rarely united 
in colonies. 

Most Radiolarians secrete skeletons composed of either bars or spicules of 
acanthine (an organic substance allied to horn or chitin) or silica, or they build 
an exceedingly delicate lattice-work composed of transparent amorphous silica. 
Only the latter forms are known in a fossil state, and owing to their minute 
size, are commonly indiscernible except with the aid of the microscope. 

Haeckel divides the Radiolaria into four suborders, as follows : — 

A. Acantharia . — Capsule-membrane uniformly perforated ; skeleton com- 
posed of acanthinic spicules. Unknown in fossil state. 

B. Spumellaria. — Capsule -membrane single, pores distributed all over; 
skeleton siliceous, spherical or discoidal, sometimes wanting (Fig. 43). 


a r> an 



Fig. 41. 

Silurian and Devonian Radiolanans : A, Cenosphaera macropom Rust. Ordovician ; Cabrieres, Languedoc. 
£, Stauroloncke micropom, Rust. Ordovician ; Cabrieres. C, Caryosphaem groddeckb Rust. Upper Devonian ; 
Sctiabenholz, near Elbmgerode, Harz Mountains. D, Lithocavipe tschernytschewn Rust. Devonian: Ural. 
Magnified 100 to 120 diameters (after Rust). 

C. Nasselaria. — Capsule-membrane single, perforated only about the oral 
pole ; skeleton siliceous, helmet- or cap-shaped, conformation of poles dissimilar 
(Figs. 44, 45). 

D. Phaeodaria. — Capsule-membrane double, perforated by one main opening 
prolonged into a tubulus, and by a few smaller accessory openings. A dark 
pigment body ( phaeodiwn ) constantly present in extra-capsular sarcode. Skeleton 
commonly consisting of hollow siliceous spicules disposed in flask-shaped or 
variously shaped frameworks. Unknown in fossil state. 

Radiolarians are exclusively marine organisms, and are found at all bathy- 
metric zones. They occur in vast numbers, especially in tropical seas, 
swimming on the surface, as well as at medium and even abysmal depths. 
Particularly between 2000 and 4000 fathoms in depth, extensive deposits of 
“ Radiolarian mud ” have been found, the composition of which is largely silica 
with a small percentage of carbonate of lime. 

Organismus d er Radiolanen. Jenaische Denkschr., 1879, vol. ii.—St8hr, JB,, Die Radiolarien- Fauna 
von Grotte m Sicilien. Palaeontogr., 1880, vol. xxvi ,—Rdst, D., Radiolarien aus Gesteinen dcs 
Jura. Palaeontogr., 1885, vol. xxxi. — Idem, op. cit., vols. xxxiv. xxxviii. and lv. — Dreyer, F., Die 
Tripoli von Caltanisetta. Jenaische Zeitschr. f. Naturw., 1890, vol. xxiv.—Cayeux, L ., Les Prenves de 
^existence d’organismes dans le Precamkrien. Bull. Soc. Geol. France, 1894, vol. xxii ,—Vincissa 
de Regny , P. M., Radiolarie delle flamti titoniane di Carpena (Spezia). Palaeont. Italica, 1899, vol. 
iV'—JKinde, G.J., Radiol aria in Devonian Rocks of New South Wales. Quart. Journ. Geol. Soc. 
London, 1899, vol. \w-Idem, Radiolaria from the Triassic of the Dutch East India Archipelago! 
Jaarb. Mijnwezen Nederl. Ooost India, 1908, vol. xxxyn.—Squinabol, 3., Radiolarie cretacee degli 
Euganee. Padova, 1904. Principi , P Contributo alio studio dei radiolari ruiocenici italiani 
Boll. Soc. Geol. Ital., 1910, vol. xxviii. 
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The diversity of form exhibited by Radiolarians is ver} T remarkable, and 

A Tl C D 



Fig 42. 


Carboniferous, Jurassic, and Cretaceous Radiolarians: A, Stavmcontnua taaetjuale Ru.st. Carboniferous; 
Sicily. R, Trochoriimt* mcholsoni Rust. Carboniferous; Harz. C, Xtphntlatyn nwitu Rust In copi elite 
from Lias ; Ilsede, Hanover. D, Hyinrnuiitrinii r<itnn<liii>i Rust. In coprolite from Cretaceous , Zilli, Saxony. 


the identification of their microscopic siliceous skeletons is impossible without 
the aid of special literature. Contrary to formerly current ideas, the geological 
antiquity of the A Tl 

Radiolarians is very A \ I / 

great ; and they also |, \ \ V 1 / / / 

play an important _ x \AdHfe£/ / 


part m 
position 
siliceous 


the com- 
of many 
and cal- 







known animal or- 0 D s 

ganisms, since the 

Spumellaria (Mono- jjl 

plentifully in the $$$$* 

bituminous quartz- 
ites of Brittany, 

interbedded with 1 

pre-Cambrian || jgp§& 

Although the 

group is still very Fra - 4S - 

im-norfontlTr l-nnwri Recent and Tertiary Spumellarians : A. Actmomnm a&tcmmnthium Haeck. 
mipenecniy KUUWll, Recent ; Messina, B, Stylothctyamiltispina Haeck. Recent ; Messina. C,Helio- 
yet* according to discus humbohlti Ehrbg. Barbados eartb (Miocene) ; Barbados. D, Hahomma 
£>.. . -r? jo dixiphos Ehrbg. Miocene marl; Caltanisetta, Sicily. E, Attromma aristutehs 

JttUSt, IOSSll JKaaiO- * Ehrbg. Miocene ; Barbados. 

laria are by no 

means less abundant and less diversified than the Recent. Only in exceptional 
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instances (Miocene of Barbados, Oran, Sicily) have the skeletons been preserved 
unaltered, and still consist of amorphous silica. In the older rocks the silica 
has usually become dissipated in the matrix, being replaced by lime carbonate, 
iron, or some colouring agent; in other cases the quartz has become crypto- 
crystalline, or replaced by 

a j) c a calcite pseud omorph. 

J The Cambrian Griffel- 

t | schiefer of Sonneberg in 

J Thuringia contain poorly 

preserved Sphaeroidea ; the 
(P€®1 usually dark though some- 

6o®b ©i times red or light-coloured 

Ordovician strata of Lan- 
S i I \ genstriegis in Saxony, and 

I ll 111 A ^ e ^ au anc ^ Steben in 

v • Franconia, the red jasper 

^ pig 44 ' of Abington, Scotland, 

Kecent and Tertiary Nasselarians : A, Podoeijrtis schoinbvrghi Ehrbg. an d the Ordovician sili- 
Tertiary marl; Barbados. B, Cyitncalpis amphora Haeck. Recent; ceOUS rocks of Cabrikl'es 
Messina. C, Bothryocainpehexathalaima Haeck. Recent; Mediterranean. . 

D, Pttalospyjisfuvcolata Ehrbg. Tertiary marl , Barbados. in Languedoc, are m01*6 OT 

less rich in Radiolarian 


w 


ISSf 

l^OOoOjf 


|oC®| 


remains belonging exclusively to the Spumellaria (Fig. 41, A , B). 

From the Devonian jasper of Siberia, the siliceous schists of Hesse and 
Nassau, and the manganiferous quartzite of Elbingerode in the Harz, and 
other places, Rust has described forty-six Spumellarian species and seventeen 
Nasselarian ( Cyrtoidea ). The Lower Carboniferous quartzites, phyllites, 
adinole and jaspers from the Harz (Culm formation), Ural district and Sicily 
have yielded 155 species, of which thirty-six belong to the Nasselaria . In 
general the Paleozoic Radiolarians are remarkable for their relatively large 
size and excellent preservation. 

The Triassic appears to be destitute of Radiolarians except in the Alps, 
where they are abun- 
dant in the hornstone 
and siliceous lime- 
stone of the Buchen- 
stein beds of Hungary, 
and occur less fre- 
quently in the Rei- 
fling limestones, in 
the Wengen beds of 
Storzic in Carniola, 



in the marls of St. 
Cassia n, and in the 
siliceous limestone of 


Tertiary Nasselanans from Barbados: A, Anthocyrtis mespilus Ehrbg. JB, 
Lychnocamum lucerna Ehrbg. C, Dictyomitra montgolfie,ri Ehrbg. JD, Eucyr- 
tidium elegans Ehrbg. E, Pterocodon campana Ehrbg. 


the Rothelstein, near Aussee, etc. They are usually associated here with 
the remains of Sponges and Foraminifera. In the silicified coprolites of 
the Lias, found at Ilsede, Hanover, Radiolarians are very common; they 
are somewhat less frequent in the limestones of the Lower Lias on the 
Schafberg in Upper Austria. Certain hornstone beds of Middle Jurassic 
age, found at Piszke, Hungary, the Upper Jurassic pudding-stones of 
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Cittiglio, near Laveno on Lago Maggiore, and numerous Tithonian jaspars, as 
well as the Alpine Aptychus beds, are charged with Radiolarians ; here the 
Nasselaria are nearly as plentiful as the Spumellana . The Lower Cretaceous 
(Ueocomian) of Gardenazza has yielded but few forms. On the other hand, 
coprolites from the Gault, found near Zilli in Saxony, and Lower Cretaceous 
clay marls in Manitoba, Canada, as well as from Upper Cretaceous marls of 
Halde&e-in "Westphalia, and Yordorf in Brunswick, contain excellently preserved 
skeletons in greater or less abundance. Even the flinty concretions of the 
Upper Chalk sometimes contain them, although in a poor state of preservation. 
Certain Eocene hornstones in Italy, according to Pantanelli, are filled with 
Radiolarian remains, while in the Flysch they are also very profuse in some 
localities, although usually poorly preserved. 

By far the most noted occurrence of fossil Radiolarians is in the siliceous 
“ Barbados earth,” of Miocene age, in which Foraminifera are also very con- 
spicuous ; while the “ tripoli ” of Grotte, Caltanisetta and Girgenti in Sicily, 
of Oran, Aegina, Zante, the Nikobar Islands and other localities (Miocene and 
Pliocene), is scarcely less noteworthy. Ehrenberg has described 278 species 
from Barbados alone, and from Sicily Stohr has described 118 species, most of 
which belong to still extant Spumellarian, Uasselarian and Phaeodarian genera. 



Phylum II. COELENTERATA. 


Coelenterates or Zoophytes are free-swimming or attached aquatic animals 
of very variable form and size. They differ from the Protozoa in having 
multicellular bodies with distinct organs ; and from all higher classes in the 
absence of a definite body-cavity. In the subphylum Porifera there is a 
simple or usually complex system of digestive sacs, with inhalent pores in the 
body wall and one or many exhalent pores or oscula , and no stinging cells or 
tentacles. The two other subphyla, Cnidaria and Ctenophora, exhibit a more 
or less pronounced radial symmetry, have no inhalent pores and no special 
exhalent opening in the body wall, but a large mouth opening conducts into a 
gastrovascular cavity. Food is taken in and the excreta and sexual elements 
are voided through the mouth opening. Stinging cells and usually tentacles 
are present in the two last-named divisions. 

The body consists of two layers of cells — an ectoderm and entoderm — 
and usually also a third layer, the mesoderm. The ectoderm in the Cnidaria 
often secretes a calcareous or horny skeleton, but in the Porifera the horny, 
siliceous or calcareous skeletal elements are the product of the mesoderm. 

Reproduction is either sexual or asexual, or, in the Hydrozoa, an alterna- 
tion of generations may occur. The process of budding or self-division gives 
rise to polyzooid colonies, in which the zooids subsist in intimate relationships 
with one another, and sometimes institute a physiological division of labour. 

R. Leuckart was the first to recognise the Coelenterates as constituting a 
distinct structural type of animals and separated them from the Echinoderms, 
with which the older systematists had associated them under the general term 
of Radiates or Actinozoa. The Coelenterates are divided into three principal 
groups or subphyla : Porifera , Cnidaria and Ctenophora . Of these only the first 
two have skeletons and have left traces in the rocks. 

Stjbphylum I. Porifera Hogg. 

The Porifera or Sponges are sessile, aquatic animals of extremely variable 
form. The body consists of a single layer of pavement-cells forming the 
ectoderm, a single layer of collared epithelial cells constituting the entoderm, 
and usually a strongly developed mesoderm, which latter comprises the bulk of 
the soft parts (including all the organs, muscles, sexual elements and nerves), 
and almost invariably secretes a hard skeleton. The latter may consist of 
horny sponge-fibres, or of regularly disposed siliceous or calcareous skeletal 
elements. The whole body is ramified by a canal-system, and the outer 
epithelial layer is perforated by countless minute, dermal pores for the entrance 
of water laden with food-particles. The pores communicate by means of fine 
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incurrent canals with subdermal ciliated chambers, from which larger excurrent 
canals conduct the water and food or excreta through the body, and generally 
open into a wide, exhalent opening called the cloaca or paragaster. Stinging 
cells, tentacles and radial mesenteries are absent. The Porifera comprise but 
one class, the Sponges. 

Glass 1. SPONGrIAE. Sponges. 1 

Sponges are remarkable for their extreme variability in external form 
and size ; they lead either an isolated existence, or are united in colonies of 
cylindrical, tubulate, pyriform, fungus-like, bulbous, spherical, compressed, 
foliate, umbel-, bowl- or beaker-shaped, or of botryoidal form. They are long- 
or short-stemmed, or a peduncle may be absent ; sometimes the stock is 
branching, and the arms may be either separate or interlaced so as to form 
networks. Nothing is less stable than the outer conformation, which varies 
excessively according to the situation and other physical conditions, and 
whose systematic importance, accordingly, is very slight. The size is also 
extremely variable, ranging from that of a pin-head to H metres in diameter. 

Sponges are invariably sessile in habit, being attached either by means of 
a stem or a bundle of anchoring spicules, or they may be simply encrusting 
at the base. 

The canal-system by which the whole body is traversed, is extremely com- 
plicated in thick-walled, but simple in thin-walled sponges. A distinction is 
recognised between incurrent or inhalent, and excurrent or exhalent canals. 
In the terminology proposed by Rauff, inhalent canals are designated as 
epirrhysa, and exhalent canals as aporrliysa ; the former terminate on the 
periphery in ostia (not to be confounded with the finer dermal pores), while 
the latter terminate on the cloacal surface in posfica (again not to be con- 
founded with gastral pores). Postica are usually larger than ostia, and 
differ from them in form and arrangement. 

1 Literature : A. On recent Sponges : — 

Schmidt O., Die Spongien des Adriatisclien Meeres. Leipzic, 1864-66. — Idem, Die Spongien der 
Kuste von Algier. Leipzic, 1868. — Idem, Die Spongien des Meerbusens von Mexico, Jena, 1879-80. 
— Haeckel , E., Die Kalkschwamme, 1872. — Schulze, Fr. E., Untersuchungen nber den Bau 
und die Entwicklung der Spongien. Zeitschr. f. wiss. Zool., 1876-80, vols. xxvii. -xxx. — 
Report on the Hexactinellida. Scient. Results Challenger Exped., Zool., vol. xxi., 1887. — 
Vosmaer , G. G. J., Spongien [Porifera), in Broun’ s Classen und Ordnungen des Tierreiehs, 
2nd ed., 1882-87, vol. iii. — Lendeiifeld, R., A Monograph of the Homy Sponges. London, 1889. 

B. On fossil Sponges : — 

Goldfuss, .d., Petrefacta Germaniae, vol. i., 1826-33. — Michelin , H., Iconographie zoophyto- 
logique, 1840-47. — Fromentel , E. de f Introduction a l’etude des eponges fossiles. Mem. Soc. Linn. 
Normandie, 1859, vol. xi. — Roemer, F. A., Die Spongitarien des norddeutschen Kreidegebirges. 
Palaeontographica, 1864, vol, xiu. — Zittel, K. A., Ueber Coeloptychium. Abhandl. k. bayer. 
Akad., 1876, vol. xni. — Studien uber fossilen Spongien, i., ii , iii., ibid., 1877, vol. xiii. (translated 
by Dallas in Annals and Mag.* of Nat Hist, for 1877, 1878, 1879). — Beitrage zur System atik der 
fossilen Spongien, i., ii., iii., Neues Jahrb. fur Mineral. 1877, 1878, 1879. — Quenstedt F, A ., 
Petrefactenkunde Deutsclilands, 1877, vol, v. — Sollas, W. J., Quart. Journ. Geol. Soc. 1877-80, 
vols. xxxiii. - xxxvi. — Hmde, G. I . , Catalogue of fossil Sponges of British Museum, London, 
1883. — Monograph of British fossil sponges ; Palaeontographical Society, 1887, 1888, 1893. — 
Rauff, H., Palaeospongiologie ; Palaeontographica, 1893 - 94, vols. xl., xh. (contains full 
bibliography). — Schrammeoi, A., Beitrag zur Kenntniss der obersenonen Tetractinelliden. Mittheil. 
Roemer. Museum Hildeslieim, 1899-1903, Nos. 10, 14, 15, 19. — Hall, J. and Clarke, J. 31., 
A Memoir on the Palaeozoic reticulate Sponges constituting the family Dictyospongidae. N. Y. 
State Mus. Mem. ii., 1898. Earlier contributions by same authors in 15th and 16th Reports N. Y. 
State Geologist, 1895-96. — Schrammen, A., Kieselspongien der oberen Kreide von Nordwestdeutsch- 
land. Palaeontogr. 1910, Supplem. vol. v. — Kolb, R., Kieselspongien des schwabischen weissen 
Jura. Op. cit., 1911, vol. lvii. 
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The water enters through the dermal pores, and passes through the 
incurrent canals into ciliated chambers, which are lined with epithelial cells. 
From these it is conveyed through all parts of the body by means of the 
frequently branching excurrent canals, which open into a sac-like, tube-like 
or funnel-shaped cloaca. The exhalent opening of the latter is termed the 
osculum. Extremely thin-walled sponges have no cloaca, osculum or branch- 
ing canal-system, but the excurrent canals terminate directly in small openings 
situated on the upper surface of the body. The cloaca when present is often 
of considerable depth, although sometimes shallow, or reduced to a mere sac-like 
prolongation of the osculum. Forms with a large and deep cloaca are regarded 
as single individuals, those with numerous cloacae and oscula as colonies. But 
since all the cloacae of a colony communicate by means of canals, while the 
oscula are never surrounded by a crown of tentacles, it is often difficult to 
distinguish between large excurrent canals and true cloaca, and hence also 
between individuals and colonies. 

Reproduction is either sexual or asexual. In the first process the fertilised 
ova complete a tolerably regular segmentation, develop into a gastrula, pass 
out through the osculum, and attach themselves to some foreign object. 
Asexual reproduction takes place by budding, the young buds remaining 
attached to the parent individual, and thus giving rise to colonies. Re- 
production by means of fission forming new colonies is of rare occurrence. 

The great majority of sponges secrete a skeleton composed either of horny 
fibres or of siliceous or calcareous spicules, or they incorporate foreign bodies 
into their framework. Only a few Recent forms ( Myxospongiae ) are without 
a skeleton. In the horny sponges (Ceratospongiae) the skeleton consists of 
anastomosing and reticulated fibres of spongin, an organic nitrogen compound 
resembling silk. The fibres are either solid, or they contain an axial canal, 
which is sometimes cored with foreign bodies, such as sand-grains, fragments 
of sponge-spicules, foraminifers, radiolarians, etc. 

Siliceous spicules are sometimes encased in horny fibres, sometimes occur 
detached in the cellular tissues, or are interlaced and consolidated with one 
another in various ways to form a supporting framework. In each genus the 
skeleton is composed of but a single type, or at the most of but a few regularly 
repeated varieties of siliceous bodies, which are called the skeletal elements . In 
addition to these there occur more or less abundantly, especially on the outer 
surface and in the cloacal and canal walls, extremely delicate flesh-spicules, 
usually of small size and of great diversity of form. The flesh-spicules are as 
a rule destroyed during fossilisation. All the siliceous skeletal elements are 
secreted by nucleated cells, and are composed of concentric layers of colloidal 
silica, deposited usually about a slender axial canal. In some spicules, notably 
those having spherical or stellate contours, the axial -canal is wanting. It is 
very delicate in fresh spicules, but becomes enlarged by maceration, and in 
fossil specimens it is often coarsely calibrated. 

The multitudinous varieties of siliceous skeletal elements (Fig. 46) may 
be grouped into a few fundamental types, as follows : — 

(a) Uniaxial spicules or monaxons (Fig. 46 and ( 14 ” 16 ). Straight or 
bent, smooth, prickly or knotty, bevelled, sharpened or truncated needles, 
rods, hooks, clasps, pins and anchors ( amphidiscs ). They invariably contain 
an axial canal, which may be either entirely sealed up, or open at one or at 
both ends. 
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(b) Tetraxial spicules or tetraxons (Fig. 46 ir ). The normal form is 
characterised by four equal rays intersecting like the bisectrices of the plane 
angles of a regular tetrahedron. Triaxial forms result from the occasional 
abortion of one of the rays. One of the rays may become elongated or other- 
wise modified so as to forn^ anchors ( triaens ) with three simple or furcate books 
(Fig. 46 18 - 23 ). Three of the rays may be numerously divided or foliately 
expanded so as to produce forms resembling thumb-tacks (trichotriaens, phyllo- 
triaens) ; atrophy of the fourth ray in the last-named form reduces the spicule 
to a delicate siliceous disk (Fig. 46 2S ). A peculiar forking of the shaft gives 
rise to candelabras or amphitriaens , while other modifications may produce 
umbellate spicules (Fig. 46 26 ), etc. 

Certain skeletal elements of the Lithistids (Figs. 48-63) may be regarded 
as irregular tetraxons (desmoms), in which the extremities of the four rays are 



Fio. 40. 


Various forms of Sponge spicules from the Upper Cretaceous of Haldem, Westphalia ; magnified 23 diameters. 
1-6, Uniaxial rods and needles. 7-9, Uniaxial siliceous elements with coarse axial canals. 10-13, Uniaxial 
cylinders and spheres 34, Mierospmed spicule 15, Clasp-hook fiesh-spieuie. 16, Bispatulate flesh-spicule. 
17, Regular four-rayed spicule (clievaux de fnse). IS— 21, Trifid anchor-shaped spicules. 22-23, Anchors with 
furcate head-rays. 24-25, Irregular four-rayed skeletal elements. 20, Umbel-shaped spicule. 27, Six-rayed 
spicule. 28, Polyaxial siliceous disk. 

prolonged in knotty, root-like excrescences, or in which, owing to the un- 
symmetrical growth, branching or atrophy of one or more of the arms, 
extremely irregular forms are produced ; for these a special terminology has 
been devised by RauiF. 

(c) Hexactinellid spicules ( hexaciins or triaxons) (Figs. 65-70). The 
ground-form is an axial cross with six equal arms intersecting at right angles 
like the axes of a regular octahedron. Atrophy of one or more of the rays 
may result in pentaxial, tetraxial, triaxial, or even clavate forms, without their 
real character becoming entirely obliterated. Bifurcation or other modifica- 
tions of a number or of all the rays produce beautifully formed siliceous 
structures highly characteristic of the group Hexactinellida , which resemble 
candelabras, double-beaded anchors, fir-trees, pitch-forks, rosettes, etc. The 
fusion of juxtaposed hexactins produces more or less symmetrical latticeworks 
with cubical interstices. 
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(<p Anaxial or polyaxial bodies of spherical, cylindrical, stellate or 
discoidal shape, which are not derivable from either of the three ground-forms, 
occur in only a few varieties of recent and fossil siliceous sponges. 

Calcareous skeletal elements are much less complicated, and are generally 
smaller and more perishable than the siliceous, ^heir form is either triaxial 
(; triods ), tetraxial (tetraxons), or nail-shaped ( monaxons ). The triaxial and 
tetraxial spicules are very rarely forked or otherwise modified. Each skeletal 
element behaves optically like a single calcite crystal ; axial canals are absent. 

The skeletal elements in sponges are arranged chiefly with reference to the 
circulation of water through the canal-systems. In thin-walled forms they are 
more or less closely crowded together, and are often regularly oriented in the 
soft parts ; in other forms they are encased in horny fibres, or are packed in 
between the canals ; in still others they are united to form an irregular frame- 
work, or may be welded together in a regularly reticulated scaffolding. 

^ The horny fibres are totally destroyed during fossilisation ; calcareous 
spicules are often wholly or partially dissolved, or are replaced by infiltrating 
lime carbonate, and assume a dense fibrous appearance (. Pharetrones ). Like- 
wise in siliceous sponges the skeletal elements are rarely preserved un altered ; 
as a rule the originally colloidal silica becomes crystalline, or is dissolved and 
removed. The cavities thus formed may subsequently become filled with 
infiltrating quartz, limonite or most commonly with lime carbonate. In 
this manner the skeletons of fossil siliceous sponges are converted into calcite, 
and, contrariwise, spicules that were originally calcareous may become silicified. 
Hence the distinction between siliceous and calcareous sponges in the fossil 
state depends entirely upon morphological characters, and not at all upon the 
chemical composition of the preserved parts. 

Sponges are divided into four subclasses : Myzospongiae, Ceratospongiae, , 
SUicispongiae and Colcispongiae. The latter group stands in sharp contrast to 
the other three, which are connected by intermediate forms, and constitute 
together a 'group of equal value with the calcareous sponges. Skeletal 
elements are absent in the Myzospongiae, whose bodies are oomposed entirely 
of soft cellular tissues. The Ceratospongiae also lack imperishable hard parts, 
the spongin fibres being entirely destroyed during fossilisation. The reputed 
homy sponges from the Trias (Rhizocorallum), Jura and Cretaceous ( Spongites , 
Saxonicus , ParaTnudra, etc.) are either of inorganic nature or are zoologically 
indeterminate. All fossil sponges, therefore, belong either to the SUicispongiae 
or the Colcispongiae. The oldest forms are found in the Cambrian ; in the 
Trias, Jura and Cretaceous they are very abundant. 

Subclass 3. SIUCISPONGIAE. Siliceous sponges. 

Skeleton composed either exclusively of siliceous elements, or of horny fibres enclos- 
ing siliceous spicules. 

Order 1. MONACTTNELLIDA ZitteL 
(Monaxonia F. E. Schulze.) 

All skeletal dements uniaxial . 

The Momctinellida include the majority of existing marine sponges, most 
of which occur at moderate depths; and also the few fresh-water forms 
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(Spongilla) that are known. The skeleton, as a rule, is composed like that 
of the horny sponges, of anastomosing spongin fibres, which either encase 
rod-like spicules, or contain quantities of uniaxial siliceous elements ; some- 
times the latter are also present in the soft parts. In each genus there are 
usually either one or but few varieties of siliceous elements present, which are uni- 
formly distributed throughout the body. Needles, hooks, crotchets, cylinders, 
spindles, amphidiscs and the like occur in great diversity. Owing to the 
decomposition of the horny fibres during fossilisation, and the fact that the 
skeletal elements are never fused together, the latter become detached and 
scattered in all directions. While Monactinellid spicules are very common 
in certain formations, they are rarely united in the form of coherent 
skeletons, and are only capable of generic determination when their form is 
sufficiently characteristic, as in Eenieria , Esperia , etc. The basal beds of the 
Alpine Lias often contain considerable horns tone, which is sometimes com- 
pletely filled with rod-shaped spicules. In various Cretaceous and Tertiary 
horizons Mdnactinellid spicules are also enormously abundant. Hinde has 
described a Climacospongia from the Silurian of Tennessee, in which the 
skeleton consists of spicules arranged in longitudinal rows, and connected by 
transversely disposed elements. The spicules were probably originally 
enclosed in horny fibres. The Clionidae secrete pin-shaped siliceous elements 
which are also encased in horny tbres, and Recent sponges of this family 
bore labyrinthic passages in the shells of mollusks. Fossil sponge-borings are 
also common. Detached spicules of Eenieria , Axinella and Haplistion have 
been described by Hinde from the English Carboniferous Limestone. 


Order 2. TETRACTINELLIDA Marshall. 

( Tetraxonia F. E. Schulze.) 

Skeleton composed of regular tetraxons which are generally combined with uni- 
axial, polyaxial or heteraxial siliceous bodies . The 

skeletal elements occur detached throughout the soft 
parts, and are never united to form a connected frame- 
work. 

The most common forms of skeletal elements 
are normal tetraxons, anchors with simple or 
furcate prongs, spheres and stellate bodies. In 
certain genera ( Geodia ) the large anchors and 
cylinders are disposed in radiately arranged fasci- 
cles, and are surrounded by a thick layer of 
anaxial spheres. 

Detached Tetractinellid spicules associated 
with Monactinellids occur more or less abundantly 
in the Carboniferous Limestone, the Alpine Infra- 
Lias, the English Neocomain, the Deister Sand- 
stone (Hils), the Upper Cretaceous of Haldem 
md Coesfeld in Westphalia, and in the Tertiary 
ind Pleistocene formations. The skeletal elements are preserved in their 
latural position in the genera Ophiruphidites Carter ; Tethy apsis Zittel (Fig. 47), 
Pachastrella Schmidt, Stolleya and Cephaloraphidites Schrammen. 



Fig. 47 . 

Tcthynpsis steinmanni Zittel. Upper 
Cretaceous ; Ailten, Hanover. Ufa. 
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Order 3. LITHISTIDA Schmidt. 

Massive, thick-wcdled, siliceous sponges , usually with complicated canal-system . 
Skeleton composed of irregular tetraxons or monaxons (clesmoms) which develop 
nodose or root-like branches either at the extremities or all along the shaft , and are 
firmly united by zygosis. Symmetrical, tetraxial, uniaxial or polyaxial dermal and 
flesh-spicules also present. 

The Lithistids are closely related to the Tetractinellids, and in the 
opinion of many zoologists, should be embraced in the same order with them. 

The Lithistids are peculiarly well adapted for preservation, owing to the 
massive stony character of their skeletons; and their remains occasionally 
form thick deposits, especially in the Jurassic and Cretaceous. Their outer 
configuration is extremely variable ; most commonly it is crateriform, 
cup-shaped, pyriform, globular, bulbous or plate-like; while the body is 
attached either by the base or by means of a peduncle. The canal-system 
varies greatly in different genera, but is usually well developed and more or 
less complicated. The four-rayed skeletal elements are interlocked by means 
of the root-like branching ends of the rays, and the points of intersection 
{nodes) with the ends of adjacent uniaxial spicules are thickened into balls. 
The usually irregular uniaxial skeletal elements are interlaced on all sides by 
means of root-like processes. Dermal and flesh-spicules are preserved only 
under exceptionally favourable conditions, but are invariably present in 
recent genera, and furnish valuable differential characters. The classification 
of fossil Lithistids is based wholly upon the skeletal elements and canal- 
systems. Five principal groups are recognised, whose subdivision into 
families need not concern us at present : — Tetracladina, Eutaxicladina , Anomo- 
cladina , Megamorina , and Rhizomorina. Existing Lithistids occur most abun- 
dantly at depths ranging between 100 and 400 metres, but are occasionally 
found as deep as 1800 metres. 


Suborder 1. TETRACLADINA Zittel. 


Skeletal elements composed of four usually equal rays, each of which encloses an 
axial canal, and has extremities terminating in root-like strands or processes ; the 
a i spicules are intertwined 



Pig. 4S. 

Aulocopiuiti aurantivm Oswald. Diluvium ; Sadowitz, Silesia, a. Exainnle 
in i/a natural size ; l>, Skeleton magnified 60 diameters. 1 


to form an open mesh- 
work. Dermal spicules 
either grapnel-like te- 
tragons, frequently with 
furcate prongs, or dis - 
coidal with entire or 
lobate margin ; or they 
are nail - shaped or 
cylindrical monaxons. 

The skeletal ele- 
ments of the Tetra - 
claddna are usually 


, . Al _ , symmetrical tetrax- 

ons, whose four smooth, more rarely tuberculate or knotty rays intersect ap- 
proximately at an angle of 109-J’. They occur in the Cambrian and Silurian, 
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are very scarce in the Upper Jurassic ( Protetraclis ), but abundant in the 
Cretaceous, Tertiary and Recent periods. 

Anlocopixm Oswald (Fig. 48). Hemispherical or bowl-shaped with short 
peduncle; inferior surface covered with a dense, wrinkled, siliceous skin. 


a h ,1 



Fi({. 49 . 

ditllopcijma acctule Zitt. Senonian ; Ahlten, Hanover ; ft, Specimen in ^4 natural size , b. Skeleton magnified 
40 /i \ c, Portion of periphery, 2/ 2 ; d, Same magnified 4o/ 1} and showing anchors with furcate head rays. 


Cloaca central ; sponge body with numerous arched canals parallel to contour 
of periphery, and with finer radial canals leading from exterior to cloaca. 
Skeleton composed of irregular smooth-rayed tetraclons with root-like branch- 
ing extremities, disposed in rows parallel to the radial canals. Occurs (usually 
replaced by calcite) in the Ordovician of the Russian Baltic Sea Provinces, 



Fig. 50 Fig. 51. 


PhymateUa tubcrosci (Quenstedt). Quadratenkreide Siphoma tulipc 1 Zitt. Greensand ; Blackdown. 

('Upper Senonian); Lmden, near Hanover, a, Sponge, A , Longitudinal section, natural size. B, Sponge 
i/ 2 natural size ; b, Outer surface, l /i ; c, Skeletal element, with peduncle and root, V2 natural, size (after 
w/i ; d, Spicules from stalk portion, so / 2 . Sowerby). 


Ordovician of Illinois, and Silurian of Gotland. Also in erratic blocks on the 
plains of Northern Germany, usually chalcedonised. 

Archcieoscyphia Hinde. Cambrian. 

Callopegma Zittel (Fig. 49). Bowl- or funnel-shaped, short-stemmed, thick- 
walled. External surface perforated by smaller, internal by larger canal-openings 
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(ostia and postica). Skeleton composed of smooth-rayed tetraclons, the digitate 
extremities of which are inflated into balls. Dermal spicules in the form of 
anchors and rods. Upper Cretaceous. 

Phjmatdla Zittel (Fig. 50). Upper Cretaceous. 

Poly mar aphinina , Sollasella , Pseudoplocoscyphia and Craterella Schrammen. 
Upper Cretaceous. 



Fig. 32. 

Jerea pyrlforms Lamx. 
Greensand; Kelheim, Ba- 
varia. l/o natural size. 

Siphonia Park. 
(Fig. 51). Fig-, pear- 
or apple-shaped, with 
a long or short ped- 
uncle. Body with 
deep cloaca, into 
which arched canals 
running parallel with 
the periphery, to- 
gether with numerous 
fine radial canals, con- 
duct. Skeleton com- 



Fin. 33. 

Skeletal element of Jerea 
yuenstedti Zittel, showing 
branching extremities of 
lays. Quadratenkreide; Lin- 
den, near Hanover. «/j. 



Fig. 54. 


Plinthosella squamosa Zittel. 
Skeleton magnified 80 diameters. 
Senonian ; Alilten, Hanovor. 



c d 

Fig. 55. 


Rhagadinia nmosa Roemer. Senonian; Alilten, Hanover, a, Sponge, 2/ a 
natural size ; 6, Skeleton, ; c, Lobate disk from dermal layer. 40/. ; c i 
Spicule of dermal layer, 40/j. J 1 /ls 5 


posed of smooth-rayed, branching dichotriders. Dermal spicules in the form 
of monaxons and grapnels. Abundant in Middle and Upper Cretaceous. 

Eallirhoa Lamx. Like the preceding, but invariably short -stemmed. 
Body pyriform and lobate, owing to a number of deep constrictions. 
Cenomanian. 


Jerea Lamx. (Figs. 52, 53). Body pyriform, flask-shaped or cylindrical, 
with truncate or depressed summit, in which a number of tube-like canals, 
vertical in the central portion but arched in the peripheral, terminate. Cross- 
ing the latter are finer radial canals. Skeleton composed of tetraclons and 
dichotriders. Common in Middle and Upper Cretaceous. 
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Pohjjerea From. ; Astrocladia , Thccosiphonia , Colymmaiina Zitt. ; Turonia Mich. ; 
Plinthosella Zitt. (Fig. 54). Cretaceous. Discodermia Boc. ; PJuicodiscula Zitt., 
etc. Cretaceous and Tertiary. 

Rhagadinia Zittel (Fig. 55). Auricular, plate- or bowl- shaped, short- 
stemmed. Both surfaces traversed by irregular branching furrows, in which 
the canalicular ostia are situated. Skeletal elements four-rayed, sometimes 
uniformly or only distally covered with tuberculous knobs, and with digitate 
extremities. Dermal spicules in the form of six-lobed disks, provided with a 
short shaft, and minute, multifid tetraclons. Upper Cretaceous. 


Suborder 2. EUTAXICLADINA Rauff. 

Skeleton composed of four-rayed spicules with three equally developed simple or 
bifurcate rays which terminate distally in root-hke fibres ; and one abbreviate , inflated 
fourth ray ( ennomoclon ). Axial canals probably in all of the rays. Skeletal elements 
invariably arranged in cither parallel or alternating rows , and united by zygosis into 
a network with triangular or irregular meshes ; spicular nodes greatly inflated. 

Nearly all the genera are Silurian; a few ( Mastosia , Lecanella) occur in the 
Upper Jurassic. 



Fig. 56. 

A&tylospongia praemorsa (Goldf.). In erratic block from Mecklenburg, cr, Sponge, partially cut mto, natural 
size; 6, Skeleton, 12/ X ; c, Portion of same highly magnified. 


Astylospongia Roem. (Figs. 56, 57 a). Spherical, with shallow depression on 
the summit ; base evenly rounded, unattached ; probably fastened by means 
of anchoring fibres. Large-sized canals directed parallel to periphery in the 
outer portion of the body, vertical in central 
portions ; besides these there are numerous fine 
radial canals which terminate in pores all 
over the periphery. Skeletal elements with 
four smooth elongated rays, one or all of 
which branch dichotomously just above the 
junction with the shorter arm. Spicular fig. 57. 

nodes thickened into large knots. Ordovician 

of the Russian Baltic Sea Provinces, and ment of Hmdia, 8o/ T (after Rauff). 
Silurian of Sweden and North America (not- 
ably in Tennessee), usually chalcedonised. Also in erratics in the Diluvium 
of Northern Germany. 
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Cwnjospongia , Carpospongia Banff. Ordovician and Silurian ; Europe. 

Palaeomanon Koem. ( Astylomanon Bauff). Like Astylospongia , but bowl- 
shaped, with shallower and wider cloacal depression. Entire surface covered 
with pores. Silurian; North America. P. crater a Boem. 

Caryomanon , Carpomanon Bauff. Silurian ; North America. 

Hindia Duncan (Fig. 57&). Body spherical, with perforate periphery, 
traces of attachment wanting. All canals radiate from the centre outward. 
Skeletal elements composed of three simple rays beset with prickly tubercles, 
and a reduced button-like fourth arm. All spicules regularly disposed in rows 
parallel with the radial canals. Silurian ; North America. 

Neohindia Schrammen. Upper Cretaceous ; Germany. 


Suborder 3. ANOMOCLADINA Zittel. 


(Didynimorina Bauff.) 

Skeletal elements composed of short , smooth rays with spherically inflated ends 
which give off three , four or more simple or digitate branches ; the latter are united 
by zygosis with processes of adjacent rays ; axial canals simple. Dermal spicules 
rod-shaped monaxons. Upper Silurian to Becent. 


Anomoclonella , Pycnopegma Bauff. Silurian ; North America. 

Cylindrophyma Zittel (Fig. 58). Body cylindrical, thick-walled, attached ; 
cloaca wide and tube-like, receiving numerous radial canals, and extending 



Pig. 5S. 


Cylindrophyma mlleporata (Gold fuss). 
B, Skeleton magnified 30 diameters. 


Upper White Jura : Hoclistrass. A, Two specimens, l/a natural size. 
C, Detached skeletal element of Cylindrophyma , 6% (after Rauft). 


down as far as the base. External surface perforated by fine ostia. Common 
in Upper Jurassic. 

Melonella Zittel. Skeleton apple-shaped or hemispherical, with broad base, 
or provided with very short peduncle; base covered with wrinkled siliceous 
skin. Cloaca deep, funnel-shaped. Coarser canals arehed, parallel with peri- 
phery ; finer incurrent canals radially directed. Upper Jurassic, if. radiata 
(Quenstedt). 
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Suborder 4. MEGAMORINA Zittel. 

(Bhahclomorina Rauff.) 

Usually large-sized , elongated , smooth , loosely interlocking , irregularly 

branching , or only terminally forked skeletal elements with simple axial canals s 
interspersed among which small , radiciform , numerously branching elements 
(rhizomorms) are occasionally present. Dermal spicules uniaxial or grapnel-shaped . 
Ordovician, Silurian, Carboniferous, Jurassic, Cretaceous and Recent. 

Saccospongia Rauff. Silurian. Megalithista Zittel. Upper Jurassic ; 
Nattheim. 

Doryderma Zittel (Fig. 59). Sponge-body cylindrical, simple or branching, 
pyriform or compressed, with a number of larger canals running parallel 
with the body 
axis, and numer- 
ous smaller radial 
canals. Skeletal 
elements large, 
bent and divided 
into two or more 
simple branches. 

Dermal spicules 
in the form of 
three - fluked an- 
chors. Upper 
Cretaceous; Nor- 
thern Germany, 

England and Fig. 59 . 

France. Accord- Banjdcnm dichntoma (Roemer). Upper Cretaceous, a, Sponge, natural size ; ft, 

. tj. , - Dermal layer, 2 j x • c, Bundle of skeletal elements, in /! ; d, Skeletal element and 

mg to ilinae, also several dermal spicules with furcate, anchor-shaped head-rays, 30/i. 

Carboniferous. 

Garterella Zittel ; Asteroderma Schrammen. Cretaceous. 

Isorhaphinia Zittel. Sub - cylindrical, pedunculate, with wide cloaca 
reaching nearly to the base. Skeletal elements large, slightly bent, rod- 
shaped, inflated at the ends, rarely dichotomously branching. They are 
associated in bundles, and so interlocked at their extremities as to form 
an open meshwork. Cretaceous. /. texta (Roemer). 

Suborder 5. RHIZOMORENA. Zittel. 

Skeletal elements small , composed of four or of three principal rays , or simple and 
irregular, with numerous projecting spines or tubercles ; axial canal simple or branching . 
Dermal spicules monaxons , tetr axons or similar to those of the skeleton. Chiefly 
Jurassic, Cretaceous and Recent. 

Nipterella Hinde. Cambrian. 

Onemidiastrum Zittel ( Cnemidium , p. p. Goldf.) (Fig. 60). Turbinate or 
bowl-shaped, with deep cloaca. Walls thick, perforated by numerous radial 
canals disposed in tiers one over another, thus forming vertical fissures which 
often divide toward the exterior. Skeletal elements irregularly branching, 
entirely beset with blunt spiny processes. Abundant in the Upper Jurassic 
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Spongitenkalk of South Germany, the skeletons being almost invariably 
replaced by calcite. C. rimulosum Goldf. According to Hinde also present 
in the Carboniferous Limestone of Ireland. 


7) 

a 



Fia. 60. 


Gnemldiastrum stellatum (Goldfiibs). Upper J uiassic Spongiten- 
kalk ; Hossmgen, Wurttemberg re, Sponge, L k natural size : &, 
Vertical tangential section, showing radial canals in vertical clefts ; 
c, Skeletal elements, 60/j. 



Hyalotragos Zittel. Bowk, plate- or funnel-shaped, with short peduncle. 
Depression in summit perforated by the ostia of numerous short canals. 1 Ex- 
ternal surface' finely perforate, or covered by a smooth or wrinkled dermal 
layer. Skeletal elements irregular, with numerous branches beset with points, 
but with few spines. Yery abundant in Upper Jurassic Spongitenkalk. H. 
patella (Goldfuss). 



Fig. 02. ’ Fia. 68. 


Chencndopum Jungiformis Lamx. Senonian ; Verruculinaauriformis(Roemev). Quadratonkreide; 

Chatellerault, Touraine. 1 / 8 natural size. Linden, near Hanover. 2 / 3 natural size. 


Platychonia Zittel. Leaf- or ear-shaped, irregularly undulating, covered on 
both surfaces with fine pores. Skeletal elements resembling those of Hyalo- 
tragos. Upper Jurassic. P . vagms (Quenstedt). 

Jereica Zittel (Fig. 61). Sponge cylindrical, turbinate, pyriform or club- 
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shaped, with short peduncle. Summit truncated or with shallow depression, 
perforated by the postica of vertical excurrent canals. Exterior perforated by 
ostia of the finer radial incurrent canals. Skeletal elements root-like, bent, 
irregularly branching, with numerous short lateral processes. Upper 
Cretaceous. J. polystoma (Roemer) ; /. punctata (G-oldfuss). 

Chenendopora Lamx. (Fig. 62). Goblet-, funnel- or bowl-shaped, with 
peduncle. Cloaca deep, perforated by postica of fine canals. Skeletal 
elements numerously branched and containing branching axial canal. Upper 
Cretaceous. 

Verruculina Zitt. (Fig. 63). Foliate-, funnel-, ear- or bowl-shaped, short- 
stemmed or sessile. Ostia on the upper surface surrounded by slight, collar- 
like elevations. Middle (Gault) and Upper Cretaceous. 

Amphithelion Zitt. Like the preceding, but with both ostia and postica 
terminating in bosses. Cretaceous. 

Other genera : Scytalia , Coelocorypha, Stachyspongia , Pachinion , Seliscothon 
Zittel ; Megarhiza and Leiochonia Schramm en, etc., in the Middle and Upper 
Cretaceous. 


Order 4. HEXACTINELLIDA O. Schmidt. 

( Triaxonia F. E. Schulze.) 

Siliceous sponges with six-rayed skeletal elements , , the rays being normally disposed 
in three axes intersecting at right angles , and containing axial canals ; elements either 
detached or fused together so as to form a lattice-like mesh. Dermal and flesh spicules 
exceedingly variable in form 3 but invariably six-rayed. 

Next to the Lithistida , the Hexactinellida are the most abundant of the fossil 
siliceous sponges. They are extraordinarily variable in form, and are often 
anchored by a tuft or “ rope ” of long, slender, vitreous fibres, or are attached 
directly by the base. The walls are thin as a rule, and enclose usually a wide 
cloaca ; the canal-system is consequently much simpler than in the Lithistida , 
being made up merely of short tubes which penetrate the walls more or less 
deeply on both sides, and generally end blindly. Sometimes the sponge is 
entirely composed of thin-walled tubes which twine about one another irregu- 
larly and produce a system of lacunar interstices (intercanals) of greater or 
less size. 

The skeletal elements proper are distinguished by their considerably larger 
size and simple form from the usually minute, astonishingly variable and 
delicate flesh-spicules ; the latter, unfortunately, are seldom preserved in the 
fossil state. The skeletal elements occur detached in the soft parts in the 
Lyssacina group, or are partially or irregularly cemented together; in the 
Didyonina group, on the other hand, they are regularly united in such manner 
that the rays of proximate elements are all closely applied against one another, 
and are surrounded by a continuous siliceous envelope. In this way a more 
or less symmetrical lattice- work with cubical meshes is produced, in which, 
however, the fusion of juxtaposed elements is indicated in that each ray con- 
tains two distinct axial canals. The junction of the rays at the central node 
of each element is usually inflated, but is sometimes sculptured in such manner 
as to enclose a hollow octahedron (lantern nodes, lychnisks). The exterior of 
the skeleton is often covered by a dermal layer composed of irregular hexactins, 
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in which the externally directed ray has become atrophied ; or a dense siliceous 
envelope is secreted, in which stellate hexactins with reduced outwardly 
and inwardly directed rays (stauractins) are embedded in greater or lesser 
profusion. 

The Eexadinellida of the present day are distributed chiefly over the greater 
depths of the ocean beyond the hundred-fathom line (200 to 3000 fathoms). 
They occur fossil principally in deep-sea deposits, and make their first appear- 
ance in the Cambrian ; their period of greatest development coincides with 
Jurassic and Cretaceous time. 

Suborder 1. LYSSACINA Zittel. ■ 

Skeletal elements either entirely detached , or only partially and m an irregular 
fashion cemented together . Root-tuft often present. 

The Lyssacma are poorly adapted for preservation in the fossil state, since 
the skeletal elements are but rarely cemented together to form a connected 
framework, and the flesh-spicules are invariably destroyed. Notwithstanding, 
complete sponges composed of large-sized detached hexactins have been found 
in Paleozoic formations, and also in the Upper Jurassic of Streitberg; and, 
indeed, the oldest sponges that can be determined with certainty all belong to 
the Lyssacina. 


Family 1. Protospongidae Hinde. 

Thin-walled , sack-, tube-like or spherical sponges , with walls composed of a single 
layer of cruciform tetraxial spicules ( stauractins ), arranged so as to form quadrate 
and subquadrate meshes . Elements non-fascicidate. The reticulation formed by the 
laiger elements is divided into secondary squares by smaller spicules, so that the mesh- 
work is constituted of several series of squares. Cambrian and Ordovician. 

To this family belong the genera Protospongia Salter, and Phoimosella Hinde. 

Family 2. Dictyospongidae Hall. 

Usually large , funnel-shaped , cylindrical or prismatic sponges , whose thin walls 
are frequently diversified by ridges and prominences. Skeletal framework very regular, 
and composed of larger and smaller quadrate meshes situated one within the other . 
Framework formed by bundles of slender spicules. Chiefly in Devonian (Chemung) 
and Lower Carboniferous (Keokuk) of North America, and Devonian of Europe. 

Subfamily 1 . Dictyospoxgiinae Hall and Clarke. 

Dictyospongia Hall and Clarke. Smooth, obconical or subcylindrical 
sponges devoid of nodes, ridges or other ornamentation ; base furnished with 
a tuft of long, straight, anchoring spicules. Silurian and Devonian. 

Hydnoceras Conrad (Fig. 64). Obconical more or less rapidly expanding 
sponges with eight prism-faces and nodes in horizontal and vertical rows. Base 
with short tuft of anchoring spicules. Devonian and Carboniferous, 

Lysadinella Girty ; Eydriodiciya, Prismodictya, Gongylospongia , Botryodictya, 
Eelicodidya , JRhabdosispongia, Ceratodictya, Clathrospongza, Lebedidya Hall and 
Clarke. Chemung Group ; New York. 
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Subfamily 2. Thysaxodictyinae Hall and Clarke. 

Thysanodidya Hall and Clarke. Subcylindrical or tapering Dictyosponges 
with prominent projecting, rectangularly reticulating spicular bands or lamellae 
forming series of fenestrated quadrules upon the surface. Base with basal 
disk or broad obcone. Devonian. 

Phragmodidya Hall ; Arystulida , Adoeodidya , Griphodidya Hall and Clarke. 
Upper Devonian and Lower Carboniferous. 


Subfamily 3. Calathospongiinae Hall and Clarke. 


Calathospongia Hall and Clarke. Stout subcylindrical cups with truncated 
bases, probably attached by the basal margins ; contracted mesially and more 
or less expanded at the aperture. Surface without 
nodes. Carboniferous. 

Clep&ydrospongia Hall and Clarke. Thamnodidyci , 

Cleodidya Hall. 

Subfamily 4. Physospongiinae Hall and Clarke. 

Physospongia Hall. Keokuk group. Ptoemeri - 

spongia Hall and Clarke. Eifel Devonian. 


Subfamily 5. Hyphantaeniinae Hall and Clarke. 

Hyphantaenia (JJphantaenia) Yanuxem. Large, 
circular and shallow saucer-shaped cups, composed 
of two series of intersecting spicular straps, one 
radiating, the other concentric. Chemung Group ; 
New York 

Subfamily 6. Hallodictyinae Hall and Clarke. 

Eallodidya Hall and Clarke. Adinodktya , Crypto - 
didya Hall. Chemung Group; New York. 



Fig. 04. 

Hydnocci'os hathensis Hall and 
Claike. Chemung Group ; Bath, 
X. Y. Sponge showing lour rows 
of strong nodes and Imelv reticu- 
lated surface, l/j (after Hall and 
Claike). 


Subfamily 7. Aglithodictyinae Hall and Clarke. 
Aglithodidya Hall and Clarke. Chemung Group ; New York 


Family 3. Plectospongidae Eauff. 

Thin-walled tubes with skeleton composed of a regular framework made up of an 
ascending and approximately ring-like series of spicules; the latter form rectangular 
to quadrate, but not very symmetrical meshes . Spicular rays fasciculate . Ordovician 
and Silurian. 

Cyathophycus Walcott; Palaeosaccus, Acanthodidya Hinde. Ordovician. 
Pledoderma Hinde. Silurian. 
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Genera incertae sedis. 


Pattersonia Miller (Strobilospongia Beecher). In form of large botryoidal 
clumps. Bracfiiospongia Marsh. Vase-like sponges with broad inferior margin 
prolonged into a number of hollow arms. Ordovician of North America. 
These, together with Amphispongia Salter, and Astroconia Sollas, from the 
Silurian of England, represent extinct families of the Lyssacina. 

Pyritonema M c Coy ( Acestra Roem.) Fascicles of long, stout spicules, 
supposed to be root-tufts. Silurian. 

Hyalostelia Zitt. (Acanthospongia Young). Skeletal elements relatively large, 
in the form of regular hexactins and stellate bodies with reduced vertical ray, 


and with inflated nodes. 
Root-tuft composed of elon- 
gated, slightly bent fibres, 
sometimes terminating in 
four recurved rays. Cam- 
brian to Lower Carboni- 
ferous ; Great Britain. 

j Eolasterella Carter; 
Spiractinella (Fig. 65), and 
Acanthactinella Hinde, are 
allied genera occurring in 
the Lower Carboniferous 
of Great Britain. 

Tholiasterella Hinde (Fig. 



Fig. 66. 

Tholiasterella gracilis 
Hmde. Carboniferous 
Limestone ; Dairy, Ayr- 
shire. Dermal layer with 
fused stellate spicules, 
5/ x (after Hmde). 


A 


| 

I 


n 



Fig. 65. 


Spiractinella vrightii (Carter). 
Carboniferous Limestone ; Sligo, 
Ireland. A , Normal liexactin. B , 
Hexactm with forked rays, 5 /i 
(after Hmde). 


A B 



Asteractinella cxpansa Hmde. 
Carboniferous Limestone ; 
Dairy, Ayi shire Skeletal 

element, 5 /i (after Hinde). 



B 



Fig. OS. 


Astraeospongia meniscus Roomer. 
Silurian, Tennessee. A, Sponge, m 
profile, 2/ 3 natural size. B, Upper 
surface or same 


66), from the Carboniferous, has thin walls composed of a layer of robust, 
irregularly amalgamated hexactins. As a rule, two of the rays lying in the 
same plane divide dichotomously from the nodes outward, so as to produce 
a six-armed instead of a four-armed cross. In Asteractinella Hinde (Fig. 67), 
all of the rays lying in the same plane divide in two or more branches, thus 
giving rise to many-rayed, extremely diverse, stellate and corolla-like bodies. 
Carboniferous ; Ayrshire. 

Astraeospongia Roem. (Fig. 68). Thick-walled, depressed, bowl-shaped, 
upper surface concave, lower convex, without traces of attachment. Skeleton 
composed of relatively large, homogeneous, uncemented cruciform spicules ; 
six of the rays are disposed in the same plane, while the two rays projected 
at right angles to these are reduced to short, button-like prominences. Common 
in Silurian of Tennessee and Devonian of the Eifel. 
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According to Hinde, Thokasterella and Asteractinella constitute a distinct 
order ( Heteractinellidae ), and Astraeospongia is made the type of the order 
Odactinellidae . These two groups may perhaps best be regarded as aberrant 
Hexactinellids, in which supernumerary rays are produced by branching. 


Suborder 2. DICTYONTNTA Zittel. 


Skeletal spicules cemented to form a continuous framework in such a way that 
every arm of a a 


hezadin is applied 
to the corresponding 
arm of an adjacent 
spicule , and loth 
rays become en- 
veloped in a common 
siliceous covering. 
Root-tuft absent . 

Th eDidyonina 
are probably de- 
scendants of the 
Lyssacina (possi- 
bly from Proto- 
spongia- and Didyo- 
phyton-Yfkz forms). 



Fig. 69. 



They appear first 
in the Trias, and 
play a prominent 


Trrmadwtyon reticulatim (Goldf.). Upper Jurassic ; Streitberg, Franconia, a, 
Sponge, 2/ e natural size ; 6, Enlarged portion of outer surface without dermal layer ; 
c, Portion with well-preserved dermal layer, 3/j ; d, Skeleton, W/j. 


rdle as rock-builders in the Jurassic and Cretaceous. Their lattice-like skeletons 


are frequently replaced by calcite, or are dissolved away and merely indicated 


a 6 



Fig. 70. 


Craticularia paradoxa (Munster) Upper Jurassic ; 
Muggondorf, Franconia. a } Sponge, tyg natural size ; 
&, Latticed skeleton, 12 /i ; c, Thickened dermal layer 


by cavities. The more important fossil 
forms are divided into the following 
families. 

Family 1 . Craticularidae Rauff. ( [Eure - 
tidae p. p., Zittel non Schulze.) 

Cup-shaped , cylindrical , branching or 
fattened sponges . Spicular nodes solids 
External surface without distinct dermal 
layer , but protected by a thickening of the 
outer skeletal layer , and occasionally covered 
with a delicate web of cemented spicules . 
Canals simple, blindly terminating in the 
skeleton . Jurassic. 

Tremadidyon Zitt. (Fig. 69). Cup-, 
plate-shaped or cylindrical, with wide 


cloaca. Canal-openings on both sides in alternating rows. Base nodular; 
exterior veiled over with delicate net-work of amalgamated hexactins, extend- 


ing even across canal pores. Skeletal framework with more or less irregular 
cubical meshes. Yery common in Upper Jurassic. 

Craticularia Zitt. (Fig. 70). Funnel-shaped, cylindrical or flattened; 
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simple or branching. Canal - openings on both surfaces either round 01 
elliptical, and regularly distributed in vertical and horizontal rows. Canals 
short, ending blindly. Jurassic, Cretaceous and Miocene. 

Sporadopyle Zitt. Cup- to funnel-shaped or conical, occasionally branching. 
Canal -openings on the outer surface irregularly distributed, or arranged in 
quincunx; on the cloacal surface in vertical rows. Upper Jurassic. 8. obliqua 
(Goldfuss). 

Sphenanlax Zittel, Verrucocoelia Etallon. Jurassic. Polyosepia Schrammen. 
Upper Cretaceous. 

Family 2. Coscinoporidae Zittel. 


Calycoid , leaker-like , lobate , branching or stellately convoluted sponges , with thin 
walls perforated on both sides by numerous canal-openings arranged in alternating 

. rows ; canals short , ending 

— ; — : : d blindly . Framework com- 

W ^ 1 fi ne mes ^ ies > 

f/tpT&'f. ■) h m dermal layer replaced by 

. * ,y £SjSj thickening of the outermost 

" ' @3® skeletal layer . Spicular 

% j&l ff notfes so ^j more rarely 
\ ' */£ perforate. Cretaceous. 


‘pjf e Leptophragma Zitt. 

Beaker - shaped, with 
' /< / i 0^ 9ff root - like attachment. 

ytfT ""/jj/ hwfthn Walls thin, covered on 

r o f|[ both s ^ es w * fc k snia ^ 

canal-openings arranged 
i n alternating rows. 
f ig . 7 i. Mesh-work very closely 

Coscinojpora infundibuliformis Goldf. Upper Cretaceous ; Coesfeld, West- Woven, Spicular nodes 
phalia. a, Complete specimen, i/ 2 natural size; b, Outer surface, natural ,i 

size ; c, Same, &h ; <?, Skeleton of cup, 12 /i ; e, Skeleton of root, i Ufa, SOllu. IVliauie ailu 

Upper Cretaceous. 

Pleurostoma Roem. ; Guettardia Mich. ; JBalantionella Schrammen. Cretaceous. 

Goscinopora Goldf. (Fig. 71). Beaker-like, with branching roots. Ostia 
small, round and in alternating rows. Skeletal elements in part with 
perforated intersection nodes. Root consisting of long siliceous fibres. Dermal 
layer formed by the thickening and fusion of outermost hexactins. Cretaceous. 
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Coscinojpora i nf tul ibulifo rmis Goldf. Upper Cretaceous ; Coesfeld, West- 
phalia. a, Complete specimen, i/ 2 natural size ; b, Outer surface, natural 
size ; c, Same, *h ; d t Skeleton of cup, 12 /i ; e, Skeleton of root, i ss/^ 


Family 3. Staurodermidae Zittel. 

Turbinate , funnel-shaped or cylindrical , more rarely branching or in clumps . 
Ostia and postica irregularly distributed , or in alternating rows. Skeletal framework 
more or less regular ; intersection nodes thick or odahedrally excavated. The 
outer or both surfaces of the wall provided with large> stellate spicules (stauractins), 
which differ from those of the rest of the skeleton , and are either but loosely cemented 
together or are embedded in a continuous siliceous skin. Jurassic and Cretaceous. 

Oijpellia Zitt. (Fig. 72). Top-shaped, bow-shaped or branching, without 
root. Canals irregularly distributed, crooked, and branched. Lattice 
skeleton with irregular meshes, intersection nodes perforated. Dermal layer 
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composed of large, four-rayed stauractins embedded in a thin, continuous or 
perforated skin. Very common in Upper Jurassic Spongitenkalk. 

Stauroderma Zitt. Funnel-shaped or plate-like, with broad and shallow 
cloaca, into which the large, round postica of short canals open. Inner and 
outer surfaces provided with dermal layer, in which stellate spicules are 
embedded with reduced externally and internally directed rays. Upper 
Jurassic. 

Casearia Quenst. ^ Cylindrical, with numerous annular constrictions. 
Cloaca deep, tubiform ; dermal layer relatively thick, and made up of 
cemented stellate spicules. Upper Jurassic. C. articuiata (Goldfuss). 

Porospongia d’Orb. (Fig. 73). Compressed and expanded, more rarely 
bulbous or cylindrical. Superior surface pitted with large exhalent apertures 
of short, blindly terminating cloacae, and covered over with a dense or finely 
perforate siliceous skin, in which cruciform spicules and regular hexactins are 


a h 



Fki. 72. Fig. 73. c 


Cypelhu, rugosa (Goldfuss). Upper Jurassic , Streit- Pnrosjmirjia iniprcssn (Goldfiiss). Upper Jurassic; 
berg, Franconia, a , Sponge, i/ 2 natural size ; b, c, Muggendorf, Franconia, a, Fragment m natural size ; 
Dermal layer, 1‘2/j. ft, Dermal layer, *V X ; c, Skeleton, 12 j lm 

embedded. Lattice skeleton with cubical meshes; intersection nodes imper- 
forate. Upper Jurassic. 


Family 4. Ventriculitidae Toulmin Smith. 

Wall intricately convoluted ; folds radially disposed , generally vertical in direc- 
tion. Radial canals ending blindly. Longitudinal furrows developed along folds of 
the wall , and either open , or partially covered over with a dermal layer , which is usually 
formed by thickening of the outer skeletal layer. Skeletal framework with odahedrally 
perforated nodes . Roots consisting of elongated siliceous fibres united by transverse 
bridges and without axial canals. Jurassic and Cretaceous. 

Pachyteichisma Zittel (Fig. 74). Turbinate or bowl-shaped, with very thick, 
convoluted wall. Folds separated on outer surface by deeply incised furrows, 
on inner surface by shallow furrows. Framework extremely regular. Root 
and dermal layer absent. Upper Jurassic. 

Ventriculites Mantell (Fig. 75). Bowl-, plate-, beaker-, funnel-shaped, or 
cylindrical, with wide cloaca. Wall thin, convoluted ; folds separated on both 
sides by closely crowded longitudinal furrows. Lattice-work of skeleton more 
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or less regular; outer layer thickened; roots present. Common in Middle 
and Upper Cretaceous. 



Fig. 74. 

rarftytrichisiim cuiien Zittel. Upper 
Jurassic; Hohenpolz, Franconia, a, 
Sponge, l /» natuial size ; b, Skeleton, M/ 1# 


A 



a 



Fig. 75. 


Ventriculites strlntus Smith. Quadratenkreido ; Linden, 
near Hanover, a, Sponge, 1/2 natuial size ; b, Transverse, 
section, 1/1 , c, Skeleton, 


0 



D 



Fig. 70. 

Coeloptychiim agaricoides Goldf. Upper Cretaceous ; Vordorf, near Brunswick. A, Top view 13 Profile 
C, Under surface, 2 / s natural size. D, Skeleton, 80 / 1# * 

Schisorliabdus, Rhisopoterion, PolyUastidiwm Zittel; Sporadoscinia Pomel; 
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Lcpulospongia Roemer ; Leiostracosiu , Phrtode medium, MicroUastidium Kchram- 
men, etc. Cretaceous. 


Family 5. Coeloptychidae ZitteL 


Umbel- or mushroom-shaped, with stalk Wall thin, deeply folded. Con volutions 
radially arranged, becoming furcate toward periphery of umbel , and exposed on lower 
surface . Marginal and a 


upper surface enveloped 
with porous dermal layer 
entirely covering the folds. 
Ostia only on under side 
of umbel, situated on 
backs of the folds. Frame- 
work very regular • inter- 
section nodes octahedral , 
perforated ; rays ofhex- 
actins provided with 




slender, thorny processes. Plnroscuiiluaxtcrtusa Gem.! Greensand (Cenomanian) ; Bauowitz, Hungary. 
n 7 xr 7 . a, Fragment m natural size ;\b, Dermal layer, live times enlaiged ; e, Skeleton 

(j 0 C i 0 ptyc ilium 0 f interior, 12 /i ; d, Outward portion of skeleton, 12 /i. 


Goldf. (Fig. 76), oc- 
curring in the Upper Cretaceous of Northern Germany, England, and Southern 


Russia, is the solitary genus. 


Family 6. Maeandrospongidae ZitteL 

Sponge body consisting of thin-walled, intricately labyrinthine, and partially 
amalgamated tubes or foliae, which form tuberous, pyriform, beaker-shaped, or bush- 

* 2 like branching stocks. 

Between the tubes are 
cavities and interstices 
of considerable size, 
which constitute the so- 
called intercanalicular 
system. Four canals 

fainily developed. Der- 
mal layer absent, or re- 

presented by a continuous 
silicious superficial skin. 
Abundant in the Cre- 
taceous, and also re- 
presented by numerous 
recent genera. 
fig. 7s. Flocoscijphia Reuss 

BecUia sokdaiuU- Schlut. Quadratenkreide ; Coesfeld, Westphalia. (Fiff 77) Clumt)-like 
Sponge body, 1/2 natural size ; 0, Ostia of radial canals , /, Hollow, root-like ' ^ 

processes of wall. B, Skeleton, bo/ x . Or bulbous StOCKS con- 

sisting of labyrinthic, 

anastomosing tubes or foliae. Walls of tubes thin, perforated by numerous 
small ostia. Latticed skeleton, intersection nodes solid or perforate. Cre- 

taceous. 

Becksia Scbliiter (Fig. 78). The thin walls of the shallow, beaker-like 
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absent. The coarse, anastomosing skeletal fibres composed of closely packed 
three-rayed and one-ray ed spicules. Sparse in Devonian (/*. constricta Sandb .) } 
common in Trias, Jurassic, and Cretaceous. 



Fig. So. 


Peronidella cylin - 
dnca (Munst.). 
Upper Jura.; Mug- 
gendorf. x 1 /o. 



Fig. $6. 

Peronidella dunosa (From.). 
Hils ; Berklmgen, Bruns- 
wick. Natuial size. 


a 



Fig. 87. 


Corynella quenstedti Zitt. Coral -Rag; Natt- 
lieim. u, Sponge, natural size ; &, Skeletal 
fibres, 4/i. 


Eusiphonella Zitt. (Fig. 88). 



Fig. 88. 


Ensiphonclla branni 
(Munst.). Coral-Rag ; 
Nattheim. Natural 


Oculospongia tu- 
buhfera (Goldf.). 
Kreidetuff; Mae- 


Fig. no. 

StelhsjMnujia glomeruta 


stricht. Natural (Quenst.). " Coral - Rag ; 

Nattheim. Natural size. 


Similar to preceding, but thin-walled, with 
broad cloaca extending to 
the base, into which con- 
duct radial canals ar- 
ranged in vertical rows. 
External surface per- 
forate. Upper Jurassic. 

Corynella Zitt. (Fig. 
87). Knob-like, cylindri- 
cal, or top-shaped, thick- 
walled, simple, or com- 
posite. Cloaca funnel - 
shaped, shallow, terminat- 
ing below (in a series of 

vertical branching tubes ; exhalent aperture often surrounded with radially 
diverging furrows. Ostia 
conducting into numer- 
ously branching radial 
canals, which unite again 
in larger excurrent canals, 
and open into the cloaca. 

Common in Trias, Jur- 
assic, and Cretaceous. 

Stellispongia d’Orb. 

(Fig. 90). Usually com- 
posite stocks made up of 

liPmicj-nViPriVfll nv cVmrf, Elasmostoma arutimargo Roem. 

nemispnericai, or snort Hlls . Berklmgeil) Brunswick, 
pear-shaped persdns, with u PP er surface, natural size, 
base enveloped by com- 
pact dermal layer. Summit dome-shaped, with shallow cloaca surrounded by 
radial furrows ; radial and vertical canals terminating along sides and basis of 



Fig. 91. 


Fig. 92. 


ffliapl ddonema farr inijdonrn sc 

(Sharpe). Lower Cretaceous 
(Aptian) ; Famngdon, Berkshire. 
2/j natui’al size. 
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cloaca. Skeleton constituted of short, blunt, and bent uniaxial, and also of 
three- and four-rayed spicules. Triassic and Jurassic. 

Holcospongia Hinde. Jurassic and Cretaceous. Sestromosfella Zittel. Trias 
to Cretaceous. Synopella Zittel. Cretaceous. Oculospongia (Fig. 89) and 
Diplostoma From. Cretaceous. 

Elasmostoma From. (Fig. 91). Foliate-, ear-, or funnel-shaped. Upper ( i.e . 
inner) surface covered with smooth dermal layer, in which large shallow oscula 
are situated ; under surface cribriform. Cretaceous. 

Rhaphidonema Hinde (Fig. 92). Beaker-, funnel-, or twisted leaf -shaped. 
Inner or upper surface smooth, with very small oscula or pores. Outer surface 
rough, cribriform. Canal-system indistinct. Trias, Jurassic, Cretaceous. 

Pachytylodia Zitt. Funnel-shaped, thick- walled ; base with smooth dermal 
layer; oscula present here, but absent on other parts of the exterior. Skeleton 
composed of very coarse, anastomosing fibres. Cretaceous. P. infundibuliformis 
(Goldfuss). 


Order 2. SYCONBS Haeckel. 


Walls traversed by simple canals disposed radially with reference to the cloaca 
and opening into it. Skeletal elements very regularly arranged . 

Mostly small delicate forms inhabiting shallow water. 

Protosycon Zitt., from the Upper J urassic of Streitberg, is a small, cylin- 
drical, or conical form agreeing with living Sycons in the arrangement of its 
radial canals. 

* To the Sycons, Bauff assigns also the calcareous sponge Sphinctozoa described 
by Steinmann (Jahrb. f. Mine- a 

ralog. 1882, II. p. 139), which is 
distinguished from all other 
Calcisponges by having a most 
remarkable segmentation, such 
as occurs in the Lithistid genus 
Gasearia . 

The oldest Sycons are 
Sollasia , Amblysiphonella and 
Sebargasia Steinm., from the 
Carboniferous Limestone of 
Asturias. In the Triassic of 
St. Cassian and Seelandalp, 
near Schluderbach in Tyrol, 
are found Golospongia Laube, 

Thaumastocoelia and Cryptocoelia Steinmann. Thalamopora Boemer and Barroisia 
Steinm., occur in the Lower and Middle Cretaceous. 

Barroisia ( Ventriculites Zitt. non Defr. ; Sphae? ocoelia Steinm.) (Fig. 93). 
Occurs sometimes as simple, cylindrical, or clavate individuals, and again in 
the form of bushy stocks. Outer surface frequently constricted, summit 
arched, with osculum in the centre, cloaca tubiform. The cylindrical indi- 
viduals are composed of thin-walled, hemispherical, or compressed segments, 
which are so arranged that the roof of one segment serves also as the floor of 
the next following. The wall is everywhere perforated by simple radial canals, 



store. 


Fig. 03. 


Barroisia anastomcnis (Manteil). Aptian; Farringdon, Berk- 
Bush -like colony, one branch sliced open; natural 

Tn/Uwliiiil nnf. fh-rrmirh nWmnpU' 5/n * n .TrinftHnn nf 


size. B, Individual cut through obliquely, 5 /o ; a, Junction of 
two segments ; ft, Cloaca ; o, Osculum ; c7. Radial canals. C , D, 
Three-rayed skeletal spicules, 36/i and ^/i (after Stei nmann ). 
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and is made up of fibres composed of three-rayed spicules. B. Helvetica (Lor.), 
Aptian ; La Presta, Switzerland. 

Appendix to Sponges. 

Incertae setlis . 

Family. Receptaculitidae Roemer.i 

This singular group which ranges throughout the Ordovician, Silurian, 
and Devonian systems, consists of globular, cup-, or platter - shaped bodies 
containing a central cavity, and whose wall is composed of elements arranged 
in quincunxkfl order. The substance of the wall is thought by Hinde to have 
been siliceous ; calcareous according to Rauff ; aragonite according to Gumbel ; 
calcite or chitinous according to Billings, either aragonite or chitinous in the 
opinion of Girty. The elements lying on the outer or under side of the wall 
have been usually described as consisting of small rhomboidal plates having 
four transverse rays disposed crosswise, and one inwardly directed ray ; but 
Girty has found evidence that the spicular summit plates are infiltrations of 
the rhombic pits of the outer surface, and the radial pillars or spicules are 
infiltrations filling radial tubes. 

The systematic position of these problematic fossils is wholly conjectural. 
Gumbel assigns them to the calcareous algae (. Dadyloporidae ), and others to 
the Foraminifera and Sponges. Hinde has referred them to the Hexactinellida , 
but the observations of Rauff and Girty as to the original calcareous and 
chitinous composition of the wall disprove this inference. 

Beceptaculites Defrance. Spherical or pyriform bodies, with a central closed 
cavity. Ordovician to Carboniferous. Europe, America and Australia. 

Ischadites Murchison (. Didyocrinites Conrad ; JDidyocrinus Hall). Conical or 
ovate bodies, inclosing a central cavity, with a small summit aperture and 
lacking an inner layer. Ordovician to Devonian ; Europe and America. 

Here are also referred Cyclocrinus Eichwald ; Pasceolus Billings ; Polygono - 
sphaerites Roemer; Cerionites Meek and Worthen; Lepidolites and Anomalospongia 
(Anomaloides) Ulrich. 

Range and Distribution of Fossil Sponges. 

The phylogeny of the Myxospongiae, Ceratospongiae and a part of the Silici- 
spongiae , owing to their perishable organisation, remains involved in doubt. 

1 Suiter J. TV., Canadian Organic Remains, Dec. 1, 1S59. — Hall, J., Pal. N. Y., vol. i., 1847 ; 
Geological Report of Wisconsin, 1862 ; Sixteenth Rept. N. Y. State Cabinet Nat. Hist., 1863 ; 
Twelfth Rept. State Geologist of Indiana, 1883 ; Palaeontology of New York, vol iii., 1859 ; 
Eleventh Rept. State Geologist of Indiana, 1882 ; Second Ann. Rep. N. Y. State Geologist, 1883 ; 
Palaeontology of New York, vol. vi., 1887. — Ulrich , E. 0., Jour. Cincinnati Soc. Nat. Hist., vol. i., 
1871; vol. ii., 1879. — Owen , I). 7)., Geol. Report Iowa, Wisconsin and Illinois, 1844; Geol. 
Survey of Wisconsin, Iowa and Minnesota, 1852. — Billings, E., Palaeozoic Fossils, vol. i., 1865 ; 
Canadian Naturalist and Geologist, second ser., vol. ii., 1865 — Meek and Worthen , Geol. Survey of 
Illinois, vol. iii., 1868. — Ganibel , C. W., Abhandl. derk. bayr. Akad. Wissensch., vol. xn., 1875. — 
Roemer , F., Lethaea Palaeozoica, 1880. — Hinde , G. J Quart. Jour. Geol. Soc. London, vol. xl., 
1884. — James , J F., Jour. Cincinnati Soc. Nat. Hist., vol. vm., 1885 ; vol. xiv., 1891. — Walcott, C. 1 )., 
Mon. U. S. Geol. Surv., vol. viii., 1884. — Whitfield , R. P. 3 Geology of Wisconsin, vol. iv., 1884. — 
Rauf, H., Zeitschr. deutsch. geol. Gesellsch., vol. xi., 1888. — Nicholson and Lydekker, Manual of 
Palaeontology, vol. ii., 1889. — Winchell and Schitchert , Geol. of Minnesota, vol. iii., pt. 1, Pal. 
1895- — UlHch, E. 0., ibid., p. 68. — Girty, G. 77., Fourteenth Ann. Rept. N. Y. State Geologist 
for 1894, 1895. — Weller, Geol. Survey of New Jersey, Rept. on Pal., vol. iii., 1903. 



RANGE OF FOSSIL SPONGES 


Nevertheless, isolated spicules prove the existence of Monactinellids and 
Tetractinellids in Paleozoic seas ; while in the Trias, Jura and Cretaceous 
these forms become important rock-builders, and play an active part in the 
formation of hornstone, chalcedony and flint. In the Tertiary, spicules refer- 
able to existing genera are common. 

The former distribution of the three best preserved sponge groups — the 
Lithistids, Hexactinellids, and Calcisponges — is noteworthy. The living repre- 
sentatives of the first two orders inhabit deep or moderately deep water, while 
the calcareous sponges predominate in shallow waters bordering the coast. 
And hence, since fossil Calcisponges likewise occur almost entirely in marly, 
clayey, or sandy strata of undoubted littoral origin, and are absent in lime- 
stones where Lithistids and Hexactinellids predominate, it is plain that the 
distribution of both fossil and Recent sponges has been occasioned by like 
physical conditions. 

In the Cambrian occur the Lithistid genera Archaeoscyphia and Nipterella , 
and in the Ordovician and Silurian of Europe and North America are found 
a number of Tetracladina ( Aulocopium ) and Eutaxicladina forms ( Astylospongia , 
Palaeomanon , Hindia), together with a few Rhizomorina . In the Carboniferous 
Rhizomorina and Megamorina are sparsely represented ; but in the Upper 
Jurassic, and especially in the Spongitenkalk of Franconia, Swabia, Switzer- 
land, and the Krakau district, the Lithistids exhibit an astonishing develop- 
ment, and occasionally form thick beds. They occur only sparingly in the 
Lower Cretaceous, but are abundant in the Planer, Greensand and Upper 
Cretaceous of Northern Germany, Bohemia, Poland, Galicia, Southern Russia, 
England and France. The Tertiary being nearly everywhere made up of 
shallow-water formations, the absence of Lithistids and Hexactinellids is not 
surprising. They persist locally, however, as in the Upper Miocene of Bologna 
and in the Province of Oran in Northern Africa. 

The range of the Hexadinellida is in every respect similar to that of the 
Liihistida . Beginning in the 'Upper Cambrian, they are represented in the 
Ordovician and Silurian by peculiarly modified Lyssacina forms ( Protospongia , 
Phormosella , Oyathophycus , Palaeosaccus , Plectoderma, Patter sonia, Brachiospongia , 
Didyophyton , Astraeospongia). The same group continues also through the 
Devonian, where Dictyophyton and its associates are conspicuous for their wide- 
spread distribution in North America. A few aberrant Lyssacina , which Hinde 
designates as Heteradinellidae , are found in the Carboniferous. During the 
Mesozoic and Cenozoic eras the distribution of the Hexadinellida is nearly 
identical with that of the Liihistida ; although here and there beds occur 
which are charged principally with Hexactinellids, and others chiefly with 
Lithistids. 

Yery different conditions are presented by the Calcisponges, among which 
only the Pharetrones and Sycons are of geological importance. The oldest 
calcareous sponges occur very sparsely indeed in the Middle Devonian and 
Carboniferous Limestone. They appear in considerable diversity in the Alpine 
Trias (St. Cassian and Seelandalp), but outside the Alps are almost wholly 
absent. In the Jurassic they occur in marly beds of the Dogger (Ranville, 
Swabia), and also in certain facies of the Malm (Terrain k Chailles, Coral-Rag 
of Nattheim, Sontheim, etc.) in Southern Germany and Switzerland. 

. The Lower Cretaceous, particularly the Neocomian of Brunswick, the 
Swiss Jura, and the Paris Basin, as well as the Aptian of La Presta, near 



74 OOELENTERATA — ON ID ARIA phylum it 

Neuch&tel, and Farringdon, Berkshire ; and also the Middle Cretaceous (Ceno- 
manian) of Essen, Le Mans, and Havre, are characterised by an abundance of 
well-preserved Pharetrones, and a lesser number of Sphinctozooid Sycons. In 
the Tertiary, however, both groups are wanting, although the existence of 
calcareous sponges is still indicated by occasional detached triactins. The 
Pharetrones apparently become extinct at the close of the Cretaceous. 


Subphyltjm II. Cnidaria. 

The Cnidaria or Nematophora have a radially symmetrical body, and a 
terminal mouth -opening surrounded by fleshy tentacles. In the ectoderm 
(sometimes also in the entoderm) cnidoblasts are common, from the contents 
of which thread-cells (\ nematocysts ) filled with an urticating fluid and containing 
a hollow, spirally coiled thread, are developed. Each cnidoblast possesses a 
fine superficial process ( cnidocil ), which is very sensitive to mechanical stimuli. 
The polyp wall typically consists of three layers : an outer ectoderm, an inner 
endoderm, and a middle mesogloea. The mesogloea is sometimes entirely 
absent, but the ectoderm and entoderm are strongly developed. The ectoderm 
frequently secretes a calcareous or horny skeleton, and both ectoderm and 
entoderm are concerned in the production of muscles and nerves. The sexual 
organs are the product of the entoderm. 

The Cnidaria are divided into two classes : Anthozoa and Eydrozoa . The 
latter are undoubtedly the more primitive group, but it will be convenient to 
treat of the Anthozoa first in the present work. 


Glass 1. ANTHOZOA = AOTINOZO A. Coral Polyps.* 

Usually sessile , cylindrical polyps , possessing a mouth surrounded by tentacles , 
oesophagus , and gastrovascular cavity. The latter is divided by numerous vertical 
partitions {mesenteric folds) into a system of radially disposed pouches . A calcareous 
or horny skeleton is frequently developed . Simple or forming colonies . 

The simple polyp zooids have the form of a cylindrical or conical tube 
at the distal end of which is situated a muscular disk perforated centrally by 

1 Literature : Milne Edwards , H., et Haime, J., Histoire naturelle des coralliaires, 3 vols. and 
atlas. Paris, 1857-60. — Idem , Monographie des polypiers fossiles des terrains pal^ozoiques. Arch, du 
Museum, Pans, vol. v., 1851. — Idem, Monograph of the British Fossil Corals. Palaeontogr. Soc., 
1849-64. — Fromentel , E. de, Introduction a l’&tude des polypiers fossiles. Paris, 1858-61. — Idem, 
Paleontologie francaise ; 1861 and later. — Reuss , A. E ., Articles m Sitzber. Akad. Wiss. Wien, 1859, 
1864, 1865, 1870 ; also Denkschr. vols. vii., xxiii., xxviii., xxix., xxxi., xxxiii. — Duncan, P. M., British 
Fossil Corals, 2d ser. Palaeontogr. Soc. 1865-69, and 1872. — Idem, Revision of the Families and 
Genera of the Sclerodermic Zoantharia or Madreporaria. Journ. Linn. Soc. Zoology, 1885, vol. 
xviii. — Koby, F., Monographie des polypiers jurassiques de la Suisse. Abhandl. Schweiz. Pal. Ges., 
1880-94, vols. vii.-xxii. — Pratz, E., Ueber Septalstructur. Palaeontogr. 1882, vol. xxix. — Koch , 
G. von, Die ungeschlechtliche Yermehrung der palaozoischen Korallen. — Ibid., 1883, vol. xxix. — 
Quenstedt, F. A., Petrefactenknnde Deutschlands, 1S89, vol. vii. — Koby, F., Monographie des poly- 
piers cretaces de la Suisse. Abhandl. Schweiz. Pal. Ges. 1896-98, vols. xxii.-xxiv. — Ogilvie-Gm'don, 
Maria 21., Korallen der Stramberger Schichten. Palaeontographica, Supp. II., 1897. — Idem, 
Systematic Study of Madreporarian Types of Corals. Phil. Trans. Roy. Soc. London, 1897, ser. 
B, vol. clxxxvii. — Gregory, J. TP., The Corals, Jurassic Fanna of Cutch. Palaeontol. Indica, 1900, 
ser. 2, vol. ix., pt. 2. — Vaughan , T. Wayland, Eocene and Lower Oligocene Coral Faunas of the 
United States. Mon. xxxix, U.S Geol. Survey, 1900. — Idem, Critical Review of the Literature on 
the simple Genera of the Madreporaria Fungida. Proc. U.S. Nat. Mus., 1905, vol. xxviii. — 
Duerden , J. E., West Indian Madreporarian polyps. Mem. Nat. Acad., 1902, vol. viii. — Idem, 



CLASS I 


ANTHOZOA 


75 


the slit-like or oval fissure of the mouth. The oral disk is furnished with a ring 
of tentacles round its margin, and opens into a membranous oesophageal tube 
conducting into the gastric cavity. The outer covering of the body, the parts 
of which are designated as wall, oral disk, and pedal disk, are constituted of 
ectoderm and entoderm, between which is a thin layer of mesoderm ( mesogloeo ). 
Six, eight, or more radially disposed vertical partitions {mesenteries), (Figs. 94, 
95), projecting inwardly from the body-wall, divide the gastric cavity into a 
series of radiating compartments {mesenteric pouches). The mesenteries are 
continuous upwardly with the hollow, muscular tentacles ; while the generative 
organs are attached to their faces near the lower end of the body. The 
mesenteries are covered on both sides with muscular tissues, and bear mesen- 
teric filaments on their curled inner edges. On one side of the mesenteries 
the muscle fibres are transversely directed, on the other longitudinally. The 
longitudinal system is usually considerably folded and thickened; and the 
disposition of these 
muscular portions is of 
great importance from a 
systematic standpoint, 
since it reveals the 
bilateral symmetry of 
many Anthozoans, and 
enables one readily to 
identify the antimeres. 

If a polyp individual be 
cut in two by a plane 
passing through the 
longer axis of the 
mouth-opening, then, in 
the Octocoralla (Fig 
94), the mesenteries of 
the right half will have 
all the muscular thickenings disposed on the right-hand side, and those of the 
left on the left-hand side. In the Hexacoralla (Fig. 95) the mesenteries are 
grouped in pairs, with the muscular thickenings of any pair facing each other. 
Two pairs, however (those corresponding with the opposite extremities of the 
longitudinal mouth), form often an exception to this rule, since these have the 
muscular thickenings placed on opposite sides. These are called the directive 
mesenteries , and serve to indicate the longitudinal axis of the body. 

Only a few Anthozoa have permanently soft bodies ; the majority secreting 
calcareous, horny, or partly horny and partly calcareous structures, termed the 
skeleton or corallum. The simplest form of corallum is that composed of 
microscopic, round, cylindrical, acerate, or tuberculated spicules of carbonate 




Diagrammatic section of 
the soft parts of an Octo- 
comllu(A1ryuniv ui) x, Oeso- 
phagus ; 1, 2, 3, 4, Mesen- 
teries of the left side (after 
R. Hertwig) 


Fig. 05. 

Diagrammatic section of the soft parts of 
a Hemcoiulla. In the upper half (above the 
line a— l) the section passes through oeso- 
phagus s ; m the lower half, beneath the 
same. Corallum indicated by heavy lines. 
r, directive mesenteries. 


Morphology of the Madreporam. A series of papers in Ann. and Mag. Nat. Hist., ser. 7, vols. ix., 
x., xi., xvii.,xviii. (1902-1906), and Biol. Bull., vols. vii. and ix. (1904-1905). — Idem, Recent Results on 
the Morphology and Development of Coral Polyps. Smithsonian Miscellaneous Collections, Quart. Iss., 
1904, vol. xlvii. — Felix, J., Die Anthozoen der Gosau Schiehten in den Ostalpen. Palaeontographica, 
1903, vol. xhx. Numerous other papers, especially in Zeitsch. deutsch. geol. GeseUsch — Carruthers , 
JL Cr., The primary Septal Plan of the Rugosa, Ann. and Mag. Nat. Hist. 1906, ser. 7, voL xviii. — 
Gordon, G. F., Studies on early Stages m Paleozoic corals. Am. Jour. Sci., 1906, vol. xxi. — Brown, 
T. G., Studies on the Morphology and Development of certain Rugose Corals. Ann. N.Y. Acad. Sci., 
1909, vol. xix. 
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of lime, which are developed in great quantities and remain detached in the 
soft parts (many Akyonaria). In a number of forms (Corallium, Mopsea, 
Tubipora) the spicules are firmly cemented together by means of a calcareous 
or horny connective substance, in such a manner as to form tubes ( Tubipora ), 
or, when the secretion takes place chiefly at the base, a sclerobase, or axis. 
Surrounding the axis is the soft coenosarc in which the polyps of the colony 
are embedded (Eig. 96). In some cases the sclerobase is composed entirely of 
horny matter without admixture of calcareous secretions. In the so-called 
“stone corals” (Fig. 97) a consistent calcareous skeleton is formed by the 
outer surface of the ectoderm. At the base of the polyp between each pair 
of mesenteries, the infolded ectoderm secretes small, round, oval or irregular 
calcareous bodies (sclerites); these are opposed against one another in radial 
directions, and as others are successively laid down on top of them, upright 


Fig 07. 

Astroules cailyoulans (Lamx.). Mediterranean 
(after Lacaze - Luthiers). Enlarged longitudinal 
section of polyp with calcareous skeleton, te , 
Tentacles ; oe, Oesophagus ; me, Mesentery ; he, 
Mesenteric pouches ; cue. Coenosarc , sjit. Septum : 
col, Columella. 

partitions or septa are built up. Early in development also, after fixation of 
the larva, the basal plate becomes calcified, owing to the secretion by the outer 
surface of the ectoderm of numerous minute calcareous granules ( calicoblasts ). 
The septa, however, grow considerably above the base, and become lodged in 
the vertical interspaces between the mesenteries. In the same manner, within 
the soft body-wall, a calcareous secretion may take place, binding the outer 
borders of the septa together, and known as the wall or theca. Both septa and 
theca are composed of minute, densely crowded calcareous bodies, in which 
delicate calcareous fibres may be seen radiating in all directions from a central 
dark space. And since all the calcareous bodies forming the septa have a 
radial disposition, the calcification-centres as seen in transverse sections form 
a dark, mostly interrupted and occasionally jagged median line, from which 
bundles of minute fibres radiate outward in all directions. Similar calcification- 
centres may also be found in the theca. Sometimes the median dark line is 
uninterrupted and divides the septum into two separate lamellae. 




ComlliuM rulrum Lam. (after Lacaze-Duthiers). 
Branch, of red coral of commerce laid open along tlie axis, 
and showing three polios in section embedded in fleshy 
coenosarc. 
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The interstices between the sclerites forming the septa are either com- 
pletely filled with carbonate of lime (Aporosa), or there remain larger or 
smaller porous spaces (Perforata) ; in many cases, in fact, the septa are 
represented by a loose network of sclerites piled up vertically, or merely by 
vertically directed spines. 

The number of septa and of tentacles is either equal to the number of 
pairs of mesenteries (when only entocoelic septa are present), or double that 
of the pairs of mesenteries (when both exocoelic and entocoelic septa and 
tentacles are present), and is somewhat uniform throughout species, genera 
and higher groups. The number, width and mode of formation of the 
septa furnish important systematic characters. As the locus of the origin of 
the septa succeeding the primaries may conform to one of several plans, this 
character is used in determining the major groups. The upper edges of the 
septa are sometimes smooth^ sometimes 
serrated or granulated ; and they extend 
from the central depression to or through 
the walls of the theca, either obliquely or 
in a curved line. This open, central depres- 
sion, formed' by the superior edges of the 
septa, is known as the calice or calyx . 

The sides of the septa are rarely smooth, 
but are commonly granulated or furnished 
with rows of small prominences ; occasion- 
ally they are provided with well-marked 
vertical cross-bars (carmae). When the 
projections on the sides of the septa are 
in the form of conical or cylindrical trans- 
verse bars, they are termed synapticulae. 

Frequently the synapticulae of two adjacent 
septa become joined together ; sometimes 
whole rows of them are fused together 
to form perpendicular bars, thus great iy martini E. and EL Corallum split open iongi- 
strengthening the septal framework. In 

some corals (athecalia) the development of tabulae. by a cycle of pah. 

synapticulae is such as to render an outer 

wall superfluous. With the upward growth of the polyp, the theca gradually 
becomes elevated, and its lower portions, as their occupation by the soft parts 
ceases, may be partitioned off by numerous horizontal or oblique calcareous 
plates which bridge over the interseptal spaces. These structures are known as 
dissepiments and tahulae. The tabulae are often nothing but highly developed 
dissepiments, being distinguished from the latter merely by the fact that they 
extend across between the septa at the same level; sometimes they are 
perfectly horizontal, sometimes they are arched or funnel-shaped (Fig. 98), 
and sometimes incomplete. Dissepiments and tabulae are most strongly 
developed in cylindrical forms, and frequently fill the included space within 
the theca with a vesicular or cellular tissue. 

When a number or when all of the septa are produced as far as the centre 
of the calice, their inner edges may become twisted so as to form an axial 
structure, known as a pseudocolumella . Sometimes, however, a true columella 
is present ; this may be either a compact, styliform or foliaceous structure, or 



Fig. 98. Fig. 99. 
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may be composed of a bundle of styliform or twisted rods (Fig. 99), or of thin 
lamellae. It extends from the floor of the visceral chamber to the bottom of 
the calice, into which it projects for a greater or less distance. The structures 
known as pali are narrow vertical plates which are inserted between the colu- 
mella and the inner ends of the septa in one or more cycles (Fig. 99). 

The outer wall or theca is often formed by the secretion of a particular 
ring-like fold of the ectoderm, and is constituted of distinct sclerites, having 
separate calcification-centres, and connecting the outer borders of the septa 
(i enthecalia ). In many cases the peripheral edges of the septa become thickened 
and laterally fused to form a spurious theca ( pseudothecalia ) ; and occasionally 
the dissepiments lying in a certain zone become united so as to form an inner 
wall within the true theca. The epitheca is a usually smooth, sometimes corru- 
gated, superficial calcareous investment, which, according to Koch, is merely a 
prolongation of the basal plate, and is secreted by the outer surface of the 
ectoderm, which is reflected over the top of the corallum. The epitheca is 
deposited either directly upon the septa, or upon the theca, or, when the septa 
are produced outwards so as to form exothecal lamellae or ribs (costae), the 
theca and epitheca are separated. Exothecal lamellae, not corresponding in 
position to the septa, are called pseudocostae or rugae. 

New individuals or colonies commonly originate by sexual reproduction. 
Following fertilisation and segmentation of the ova, ciliated larvae are born, 
which swim about for a time, become fixed, and develop into simple polyp 
individuals. Yegetative or asexual increase by two sharply defined processes, 
namely, budding (or gemmation) and fission , assumes a great importance among 
Anthozoans, resulting in the production of colonies or stocks, often of large 
size and exceeding complexity of form. 

New corallites are produced either within or without the calice of the 
parent polyp. In extra-calicinal gemmation the buds are thrown out either 
from the sides of the polyp (lateral gemmation), or are formed in the common 
calcareous matrix which unites the various corallites of a colony (coenenchymal 
and costal gemmation). In both cases the new corallites may diverge from one 
another, being attached to the parent corallum only at the base, or they may 
grow up closely opposed to the latter and to one another, so that the thecae 
are in contact on all sides. In this way branched, dendroid or massive and 
knob-like (“astraeiform”) compound coralla are formed. A less common 
mode of increase is by basal or stolonal gemmation. In this process the wall of 
the original polyp sends out creeping prolongations (stolons) or basal expansions, 
from which new corallites arise. In calicinal gemmation buds are produced 
within the calice of the parent corallite, according to one or the other of the 
following methods : either certain particular septa become enlarged and pro- 
duced so as finally to enclose a new calicinal disk (septal gemmation ) ; or tabulae 
are produced upwards in the form of pockets, from which new corallites are 
developed (tabular gemmation). In both septal and tabular gemmation, a portion 
of the parent corallite including a part of the original wall is concerned in the 
formation of buds ; while the septa or modified tabulae are converted into 
portions of the new thecae, from which new septa then begin to grow inwards 
towards the centre. 

A peculiar kind of calicinal gemmation is that known as rejuvenescence . In 
this method only one bud is formed within the parent calice, but it enlarges 
jintil it completely fills the latter. By the indefinite repetition of this process, a 
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corallum is formed, consisting of a succession of -cups placed one within the other, 
of which only the youngest and uppermost is occupied by the living animal. 

- The beginning of reproduction by fission is marked by an elongation or 
distortion of the parent calice, accompanied by the contraction of the wall at 
opposite points along the margin. The constriction may proceed until it 
divides the oral disk into two halves ; or two opposite septa may unite to form 
a new theca. By this method branching, massive or “ astraeiform ” colonies 
are produced, which do not differ essentially from those formed by budding. 
Frequently, however, individuals formed by fission become only imperfectly 
separated, remaining proximally more or less closely confluent. In such cases 
the calices form continuous, straight, curved or labyrinthic furrows, with more 
or less clearly distinguishable centres. 

The compound corallum of a polyp stock remains practically the same as in 
solitary individuals, excepting that the conditions are more complicated when 
the separation of the zooids is incomplete. Dendroid and massive colonies 
frequently develop a common connective matrix or tissue {coenenchyma) which 
unites the various corallites into a whole ; it is secreted by the common 
colonial flesh, called coenosarc, which extends as a carpet between the polyps, 
The coenenchyma is sometimes dense in structure ( Oculmidae ), or it may consist 
of a vesicular or tubular tissue. The separate corallites are often also united 
by means of the septa, which are produced over and beyond the thecae, and 
fused with those of neighbouring individuals. In such cases the interseptal 
loculi are almost always filled with strongly developed dissepiments. All 
structures developed in the included space within the theca, with the exception 
of the septa and columella, are designated collectively as endotheca ; those lying 
without the theca as exotheca. 

The Anthozoa are exclusively marine forms, and predominate in shallow 
water. Many of the Actiniaria, Antipatharia and Madreporaria occur also at 
greater depths, ranging from 50 to 300 and sometimes to over 3000 fathoms. 
The so-called reef -corals inhabit depths usually not exceeding 45 metres, and 
require a temperature of the water of 20° C., or higher. Hence, existing 
coral-reefs are restricted to a zone extending about 30° on either side of the 
equator ; they are distinguished according to form as fringing reefs, barrier 
reefs and atolls. While the stony corals ( Porites , Acropora , Turbin aria, 
Pocillopora, numerous “ Astraeidae” and Fungidae) and the Alcyonarians 
{Heliopora) are the most important, they are not the only agents concerned in 
the formation of reefs, as an active part is also played by the Hydromedusae 
(Milleporidae), calcareous algae ( LUTiothamnium , Melobesia), mollusks, echino- 
derms, bryozoans and worms. Of the ancient coral-reefs which have been 
formed in nearly all of the great geological periods, those of the Cenozoic and 
Mesozoic periods are composed in part of genera similar to those now living ; 
while those of the Paleozoic represent genera and families that are now 
principally extinct, and whose relation to living forms is often quite uncertain. 

The Anthozoa are divided by Haeckel into three subclasses : Tetracoralla , 
Hexacoralla and Alcyonaria or Octocordlla . Of these the two first-named groups 
are by some authors collectively termed Zoantharia. 
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Subclass 1. TETRACORALLA Haeckel. 1 

(Zoantharia fiugosct Milne Edwards ; Pterocorallia Freeh.) 

Extinct , Paleozoic , simple or composite sclerodermic corals, with septa arranged 
according to a tetrameral system , and either bilaterally or radially symmetrical; 
without coenenchyma , but with usually strongly developed endothecal tissue in the form 
of tabulae or dissepiments , and with well-marked , frequently wrinkled epithccal wall. 

The Tetracoralla are especially characterised by having the septa, subse- 
quent to the formation of the primaries, introduced along four lines rising 
from the apex of the base of the corallum. The earlier stages of the Tetra- 
coralla have recently been reinvestigated by Duerden, Carruthers and others. 
Duerden concluded that the observations of Ludwig and Pourtales on the 
primary hexamerism of these corals were correct. According to Carruthers, 
in the developing young Tetracoralla the first stage of septal formation is for 
a single septum to stretch entirely across the calice from wall to wall. This 
septum, which is called the axial septum, later breaks up to form the main 
(cardinal) and the counter septum of the mature coral. In the next stage a 
small septum appears on each side of the main septal end of the axial septum. 
Thtfse two septa form the alar septa of the mature corallum. In the third 
stage two other septa appear, one on each side of the counter septal end of the 
axial system. After the formation of these six septa there is a distinct pause 
in the formation of new septa and any irregularity in the disposition of the 
septa is corrected. Four of the six septa are called principal, and are con- 
spicuous in the later septal arrangement • these four are the main, counter, 
and alar septa. Two of the first six septa, one on each side of the end of the 
counter septum, are not so prominent in subsequent development. 

There is a controversy as to whether the primary septa of the Tetracoralla 
are four or six in number : Duerden and Carruthers holding the number to be 
six, while Brown and Gordon contend that it is four. The four principal septa 
are sometimes of equal proportions, when they may be either stouter and 
longer than the others (Stauria), or thinner and shorter (Omphyma) ; or they 
may be of unequal proportions. Of the two principal septa which lie in the 
longitudinal axis of the corallum, one (called the main or cardinal septum) is 
frequently situated in a depression or furrow known as the fossula (Fig. 100) \ 
while the other or counter septum is either normally developed, or is more or 
less reduced. Occasionally the counter septum is placed in a fossula, while 
the cardinal septum is normally developed ; but the two laterally disposed or 
alar septa are always equal in size. The remaining septa not infrequently 
exhibit a well-marked radial arrangement, in which the longer and more 
strongly developed usually alternate with the shorter and less strongly 
developed. New septa, according to Kunth and Dybowski, are inserted in 
the following order. First, a new septum is given off on either side of the 

1 Literature : Kunth, A., Beitrage zur Kenntniss fossiler Korallen. Zeitschr. deutsch. geol. 
Ges., 1869-70, vols. xxi., xxii. — Dybowski, IF. iV., Monographie der Zoantharia Rugosa, etc. Archiv 
fiir Natnrkunde Liv-, Est-, und Kurlands, 1874, vol. v . — Eoemer , F. s Lethaea Palaeozoica, 1883, 
pp. 324-416. — Schluter, diem., Anthozoen des rheinischen Mittel-Devons. Abhandl. preuss. geol. 
Landes -Anstalt, 1889, vol. viii. — Braicn, T. t Studies on the Morphology and Development of certain 
Rugose Corals. Ann. N.Y. Acad. Scl, 1909, vol, six. — Faurot, L. t Affinity des Tetracoralliaires 
et des Hexacoralliaires. Annales de Paleont., 1909, vol. iv. 
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cardinal septum (Fig. 100, h), and takes up a position parallel with the alar 
septum. This leaves an intermediate space between the cardinal and the 
newly formed septa, which becomes filled, however, by the repeated insertion 
of new septa one above the other in the same manner as the first ; and heBce 
they diverge from the cardinal septum, as they grow upward, in a pinnate 
fashion. Likewise the two counter quadrants lying between the alar and 
counter septa become occupied by lamellae which are given off from the alar 
septa, and gradually arrange themselves parallel with the counter septum. 
The mode of growth in the Tetracoralla will be readily understood on inspect- 
ing the surface of those specimens, the septa of which are visible on the 
exterior, or where the wail is readily removed by corrosion or polishing. One 
may then note three distinct lines extending from the calicinal margin to the 
base ; these mark the cardinal and the two alar septa, from which the other 
pinnately branching septa are directed obliquely upward (Fig. 101). The 
order in which the septa are given 
off in the four quadrants, according 
to Kunth, is indicated by the 
numerals in Fig. 100. 

Many of the Tetracoralla multiply 
only by sexual reproduction, and occur 
only as single individuals ; asexual 
reproduction takes place usually by 
calicinal, more rarely by lateral gem- 
mation, and results in dendroid or 
massive colonies. 

Dissepiments are generally abund- 
antly developed between the septa, 
which latter are compact, and the 
upper edges of which are either 
smooth or serrated. Sometimes the 
dissepiments fill the whole interior 
with a vesicular tissue, and the 
central visceral cavity is frequently 
entirely partitioned off by horizontal, 
inclined or funnel-shaped tabulae. The wall is usually composed of the 
thickened and fused septal edges; sometimes it is invested with epitheca 
and furnished with vertical rugae or root-like processes. A true coenenchyma 
is absent. In a few genera the calice is provided with a lid or operculum, 
which may be composed of one ( Calceola ) or of several plates ( [Ooniophyllum ). 

With the exception of a few genera the systematic position of which is 
uncertain, all the typical Tetracoralla are confined to the Paleozoic rocks. 

Family 1. Cyathaxonidae Milne Edwards and Haime. 

Turbinate or horn-shaped simple coralla. Septa with regular radial arrange- 
ment Tabulae and dissepiments absent . Silurian to Permian . 

Cyathaxonia Mich. (Fig. 102). Acutely pointed, conical. Cardinal septum 
in fossula. Septa numerous, extending inward as far as the strongly developed 
styliform and considerably elevated columella. Carboniferous limestone ; 
Belgium and England. 

VOL. I 



Pig. 100 . 

MenophyUum tenuimar- 
ginutum B. and H. Car- 
l)omferous Limestone ; 
Toumay, Belgium. 2/ a . 
h t Cardinal septum ; g, 
Counter septum ; s, Alar 
septa. 



Fig. 101 . 

Sti Cptelmuia profit ntfvm 
(Owen). Ordovician ; Cin- 
cinnati, Ohio. Natural 
size. 


Or 
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JDuncanella Nich. Corallum top-shaped. Septa nearly all of uniform 
length and size, forming a spurious columella in centre of the deep calice, 
exserfc at the base. Silurian ; North America. D. borealis Nich. 

Petraia Munst. (Fig. 103). Turbinate or conical. Septa short, reaching 
to the centre only at the base of the very deep calice. Columella absent. 
Ordovician to Carboniferous. 

Polycoelia King (Fig. 104). Horn-shaped. Calice very deep ; four prin- 
cipal septa reach nearly to its centre, between which in each quadrant are 
five shorter septa. Zechstein. 

Kanophyllnm Dyb. Ordovician and Silurian. 



Fig. 102. 

Cyathaxonia 
corn il Mich. Car- 
boniferous Lime- 
stone; Toumay, 
Belgium. Cor- 
allum with 
fractured theca, 
showing open ni- 
terseptal loculi. 
2 /l* 



Fig. 103. 


Petraia, radiate 
Munster. Devonian, 
Enkeberg, near 
Bnlon. l/l* a > Cor- 
allum viewed from 
the apex; b, Trans- 
verse section below 
the middle. 



Fig. 104. 

Polycoelia pro- 
funda (Germ.) 
Zechstein; 
Gera. (after 
Roemer). 



Fig. 105. 

Palueocyi'lnsporpita 
(Lmn ). Silurian, 
Gotland. a, Top 
view of calice; b, 
Profile, tyi 



Fiu. 100. 

Microcyclu s dis- 
cus Meek and 
Worth. Hamil- 
ton (Dovoman) ; 
North America, 
i/v a, Corallum 
from below ; 
b, from above 
(after Nicholson). 


Family 2. Palaeocyclidae Dybowski. 

Coralla simple , discoidal or bowl-shaped. Septa numerous , stout, approaching 
radial symmetry in disposition. Tabulae and dissepiments wanting. 

Palaeocyclus E. and H. (Fig. 105). Discoidal to depressed top-shaped, 
with epitheca. Septa numerous, radially disposed, the larger ones reaching 
to the centre. Silurian. Type, P . porpita (Linn.). 

Combophyllum, Banjphyllum E. and H. Devonian. 

Eadrophyllum E. and H. Cushion-shaped, with epitheca. Calice with 
three septal fossula, that of the cardinal septum being the largest. Devonian; 
Eifel and North America. 

Microcyclus Meek and Worth. (Fig. 106). Like the preceding, but with 
only one septal fossula. Devonian ; North America. 


Family 3. Zaphrentidae Milne Edwards and Haime. 

Coralla simple , turbinate , conical or cylindrical; septa numerous , exhibiting 
distinct bilateral symmetry in arrangement. Theca generally formed by fusion of 
septal ends . Tabulae completely developed ; dissepiments not very abundant in inter- 
septal loculi . 

Streptelasma Hall (Fig. 107). Turbinate, often curved. Septa numerous 
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(80-130), alternately long and short; the free edges of the longer septa are 
twisted together in the centre to form a pseudo-columella. Tabulae few or 
absent. Position of the cardinal septum is recognisable on the exterior by the 
system of pinnately diverging costal ridges. Common in Ordovician and 
Silurian. S. pro- 
fundum (Owen), 
the type species, 
has often been 
confused with S. 
corniculum and 
various species of 
Zaphrentis. 

Zaphrentis Raf . 

(Ganinia Mich. 
pars) (Figs. 108- 
1 0). Simple, tur- 
binate or sub- 
cylindrical, fre- 
quently elongated. 

Calice deep, with 

circular margin. Septa numerous, reaching to the centre ; cardinal septum in a 
deep fossula. Tabulae numerous; somewhat irregular, and passing from side to 
side of the visceral chamber ; dissepiments sparingly developed in outer zone 
of corallum. 50 to 60 species known, ranging from Silurian to Carboniferous. 
Maximum development in Carboniferous. 

Amplexus Sow. Simple, sub-cylindrical or elongated turbinate. Calice 




Stic^itela^uia profundum (Owen). Cincinnatian Group 
(Ordovician) ; Cincinnati, Ohio, i/i- A Side view. 
B, Transverse section. C, Longitudinal section. ( h , 
Cardinal septum ; < 1 , counter septum ; s, alar septum.) 



Fig. 10S. 


Zaphrentis cornicida 
Lesueur. Devonian lime- 
stone; Ohio. 



Fig. 109. 

Zaphrentis cormeopiue 
Mich. Calice enlarged. 
Carboniferous Limestone ; 
Tournay, Belgium. 



Fig. 110. 


Zaphrentis ennishilleni Nich. Carboniferous Lime- 
stone ; A, 23, Transverse sections through respectively 
upper and lower portions of calice. C, A long and two 
short septa united at the ends to form the wall. D , 
Longitudinal section showing tabulae(after Nicholson). 


shallow, usually with septal fossulae. Septa moderately numerous, short, 
never produced to centre. Tabulae highly developed, horizontal. Ordovician 
to Lower Carboniferous. Type, A. coralloides Sow. 

Aulacophyllum E. and H. Turbinate. Septa numerous, extending to 
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centre. Cardinal septum in deep fossula ; adjacent septa pinnately developed. 
Ordovician to Devonian. 

Menophyllum E. and H. (Fig. 100). Turbinate. Cardinal septum in 
largest of three fossulae. Lower Carboniferous limestone. 

Lophopliyllum E. and H. Carboniferous limestone. Anisophyllum E. and 
H. Ordovician to Devonian. Pycnophyllum Lindstr. Ordovician and Silurian. 
Apasmophyllum Eoem. Metriophyllum E. and H. Thamnophyllnm Penecke. 
Devonian. Pentaphyllum de Koninck. Carboniferous. 


Family 4. Cyathophyllidae Milne Edwards and Haime. 

Simple or composite coralla. Sepfa numerous, radially arranged; the four 
principal septa rarely distinguished by greater or smaller size. Tabulae and 
vesicular tissue ( dissepiments ) abundant. 


Cyathophyllum Goldf. (Figs. 111-13). Extremely variable in form, 
sometimes simple, turbinate or sub-cylindrical ; sometimes giving rise to 
bushy, fasciculate or astraeiform colonies, where reproduction takes place by 



Cyathophyllum caespitomm Goldf. JJI °* 

Devonian ; G-erolstem, Eifel. Natural Cyathophyllum hcxagonum Goldf. Dovoman ; Gerol- 

size. • stem, Eifel. Natural size. 


calicinal or lateral gemmation. Septa very numerous, strictly radial in 
arrangement, and often alternately long and short ; the longer septa extend- 
ing to the centre. Visceral chamber filled with numerous imperfectly 
developed tabulae; vesicular dissepiments highly developed in peripheral 
portion. Nearly 100 species known, ranging from Ordovician to the Lower 
Carboniferous. Maximum development in Devonian. 

Campophyllum E. and H. (Fig. 114). Like the preceding, but septa not 
extending to the centre. Devonian and Carboniferous Limestone. 

Heliophyllum Hall. Usually simple and turbinate, more rarely forming 
dendroid colonies. Septa numerous, extending to the centre, and thickened 
on their sides by conspicuous vertical ridges (“ carinae ”). Devonian. 

Diphyphyllum Lonsd. (Fig. 115). Ordovician to Carboniferous. Plwlido - 
phyllim Lindstr. Ordovician and Silurian: Eridophylhm E. and H. Silurian 
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and Devonian. Crepuloplujlhim Nich. Crospcduphyllunt Dyhowski. Devonian. 
KonincJcophjflluin Nick. Chunuxh E. and H. Carboniferous. Clisioplvjlbnn 
Dana. Silurian to Carboniferous. 

Omphyma Iiaf. (Fig. 116). Corallum simple, conical or turbinate; theca 


b 



Fig. 113. 

Cyatftnpftyll urn hderoplnjlluni E and H. Middle De- 
vonian; Geiolstem, Eifel. A, Transverse; L, Longi- 
tudinal section (after Nicliolson). 



7> 



Fk.. 114. 

LanipipJui’hi ni co ni - 
prelum Ludw. Car- 
boniferous Limestone ; 
Hausdorf. Silesia, a. 
Longitudinal, b t Trans- 
verse section. 




Fn». 11 j. 

um- 

cimwmLonstl. Car- 
bonif* ioub Lime- 
htone , Kamensk, 
Uial 


with root-like processes. Septa numerous ; the four principal septa in shallow 
fossulae. Surface marked with pinna bely branching striae. Tabulae numerous. 
Silurian. 

Chonophyllum E. and H. Silurian and Devonian. 


a 



Fits. 110. 


Ompiiyma siihturbimta E. and H. Silurian limestone , 
Gotland, Sweden, a, Side view , b, Calice fiom above. 




Fig. 117. 

Lithe at rot ion 
Murtuu E. and H. 
Lower Carbonifer- 
ous ; Hausdorf, 
Silesia. Sections 
of individual 
corallite (after 
Kunth). 


Ptychophyllum E. and H. Simple and turbinate, or composite. Each 
stock is composed of funnel-shaped, invaginated layers, representing calicinal 
buds, the marginal lips of which are more or less reflected outwards. Septa 
numerous and strongly twisted in the centre to form a pseudo-columella ; their 
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peripheral edges are thickened and are fused with one another so as to form a 
wall. Silurian (P. patellafum Schlot. sp.) and Devonian. 

Cyclophyllum Duncan and Thom. Simple, cylindro-conical. Septa numer- 
ous, the longer ones forming a thick pseudo-columella with enclosed spongy 

tissue. 

Aulophyllum E. and H . ; Aspidophyllum , Bho- 
dophyllum Nich. and Thoms., etc. Carboniferous. 

Lithostrotion Llwyd ( Stylaxis M'Coy ; Petalaxis 
E. and H.) (Fig. 117). Fasciculate or astraoi- 
|||p form stocks composed of prismatic or cylindrical 
corallites. Septa numerous, alternately long 
and short. Styliform columella in the centre. 
Abundant in Carboniferous limestone. 



Lonsdaleia florifonms Lonsd. Car- 
boniferous Limestone; Kildare, Ire- 
land. Vi- a, Two cylindrical corallites, 
partially split open ; b, Two hexagonal 
caliees, seen from above. 


PTiilltysastreu Ticnnaln (Lonsdale) Devonian limestone ; Ebersdoif, 
Silesia, a, Upper surface ; 6, Transverse section. Natural size. 


Lonsdaleia M‘Coy (Fig. 118). Fasciculate or astraeiform, composite 
coralla. Septa well developed ; columella large, composed of vertically rolled 
lamellae. Central tabulate area bounded by an interior dissepimental wall, 
between which and the theca vesicular endotheca is abundantly developed. 
Common in Carboniferous rocks. 

Strombodes Schweigg. Astraeiform stocks composed of small prismatic 
corallites. Septa extremely numerous, very slender, extending to the centre. 




Hi 














/ //*_ 




mu 









Stauria astraeiformis E. and H. Silurian ; Gotland, Sweden. A, Transverse section parallel to upper 
surface. B, Enlarged transverse section of individual corallite. C, Several calices from above. Natural size 
(after Nicholson). 


Theca imperfectly developed. Visceral chamber filled with infundibuliform 
tabulae and vesicular tissue. Silurian (S. iypus M‘Coy sp.) and Devonian. 
Pachyphyllum , Spongophyllum E. and H. Silurian and Devonian. 
Acervularia Schweigg. Astraeiform or bushy colonies. Septa stout and 
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numerous. An interior wall is present ; tabulae are develojDed in the central 
area, while the peripheral zone is filled with vesicular tissue. Silurian (A. 
ananas Linn, sp.) and Devonian. 

Phillipsastrea d’Orbigny (Fig. 119). Astraeiform colonies, with indi- 
vidual corallites united by confluent septa, which are produced beyond the 
theca, and obscure the same. Interseptal loculi filled with vesicular endotheca. 
Devonian and Carboniferous. Type, P, hennahi (Lonsd.). 

Stauria E. and H. (Fig. 120). Astraeiform or bushy composite coralla. 
Septa well developed; the four principal septa characterised by larger size, and 
forming a complete cross in the centre of each corallite. Silurian (TTenlock). 

Columnaria Goldf. (. Favistella Hall). Astraeiform stocks, composed of 
long, polygonal, thick-walled corallites. Septa radially arranged in two cycles, 
alternately long and short, barely reaching the centre. Tabulae horizontal, 
disposed at regular intervals apart, and stretching across the entire visceral 
chamber. Dissepiments imperfectly developed or absent. Ordovician to 
Devonian. 

Heterophyllia M‘Coy. Carboniferous. Battersbyia E. and H. Devonian. 


Family 5. Cystiphyllidae Milne Edwards and Haime. 

Usually simple coralla . Septa very thin ; interseptal loculi filled with vesicular 
endotheca or compact stereoplasma . Tabulae absent ; central area of visceral chamber 
either completely filled with vesi- 
cular tissue or stereoplasma , or 
containing the same only in the 
lower portions of chamber . Cal- 
careous operculum sometimes 
present . 

Cystiphyllum Lonsd. (Figs. 

121, 122). Simple, very rarely 
forming bushy colonies. Calice 
deep; the entire visceral cham- 
ber filled with vesicular tissue, 
which, as a rule, wholly 
obliterates the numerous radi- 
ally directed septa. Silurian 
and Devonian. 

Strephodes M c Coy (Fig. 

123). Usually simple coralla. 

Septa well developed, alter- 
nately long and short, some- 
times forming a pseudo- 
columella. Silurian to Carbo- 
niferous. 

Goniophylhm E. and H. 

<Fig. 124). Corallum simple, in the form of a four-sided pyramid, and 
covered with thick epithecal tissue. Calice deep; septa numerous, thick 
and very short. Entire visceral chamber filled with vesicular and stereo- 
plasmic endotheca. Operculum composed of four plates symmetrically 
paired. Silurian. 





Fig. 122. 

Cysttyhylluni cylmrlricnvti 
Lonsd. Silurian ; Iron Bridge, 
Cystlphylhtui vesiculosnm, England. J, Jl, Transverse 
Goldf. Devonian ; EifeL and longitudinal sections (after 
Natural size. Nicholson). 


Fig. 121. 
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Bhizophyllum Lindst. Corallum simple, pyramidal or hemispherical, 
flattened on one side ; external surface corrugated, and sending off hollow, 
root -like epithecal processes. Calice marked with septal striae ; internal 
structure consisting of vesicular tissue and stereoplasma. Operculum in form 
of semicircular plate ; inner surface traversed by median ridge and fainter, 
granulated, parallel elevations. Silurian. 

Calceola Lam. (Fig. 125). Corallum simple, semi-turbinate, or slipper-shaped, 



Pig. 123. 

Strephoclcs vuirchisom Lonsd. 
Showing strongly developed 
dissepiments and tabulae. 


J. 



Fig. 124-. 

Gomophijll u iii pyra mvlale 
(His.). Silurian ; Gotland. 
A, Specimen with operculum. 
By Calice seen from above. 
Natural size (after Lmd- 
strum). 



Fig. 125. 


Calmila smirfahm Lam. 
Devonian ; Eifel. Natural 
size. 


with one side flat and triangular. Calice very deep, extending nearly to apex, 
and marked internally with fine septal striae. Cardinal septum placed in the 
centre of the vaulted side, counter septum in middle of flattened side, and alar 
septa at the angles. Internal structure composed of fine vesicular tissue and 
stereoplasma. Operculum semicircular, very thick, under surface marked with 
prominent median and fainter lateral septal ridges. C. sandalina Lam. Very 
common in Middle Devonian of Europe, rare in Carboniferous Limestone of 
Belgium. 


Rang© and Distribution of the Tetracoralla. 

The typical Tetracoralla are confined to the Paleozoic rocks. They are 
unknown in the Cambrian, and make their first appearance in the Ordovician, 
where they are sparsely represented in North America and in Europe. Here 
the most abundant genus is Streptelasma , and next in order of importance are 
Cyathophylhm , Ptychophyllum and Columnaria. The maximum development 
falls in the Silurian, which contains the largest number of genera and species. 
There are limestones found on the islands of Gotland and Dago (Esthonia), as 
well as at Dudley, Shropshire, at Lockport, New York and other places in 
North America, which are made up of ancient coral-reefs. The principal agents 
concerned in the formation of these reefs were Cyathophyllum , Heliophylhm , 
Omphyma , Ptychophyllum , Strombocles , Acervnlaria , Stauria , Aulacophyllum , Cysti- 
phyllum , etc., of the Tetracoralla, besides numerous Tabulata, Octocoralla, 
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Bryozoa, and Echinoderms. The Tetracoralla are not less conspicuous in the 
Devonian, especially in the Middle and Upper Devonian of the Eifel district, 
Westphalia, Nassau, Harz, Boulogne, England, and North America. Particu- 
larly abundant here are the genera GyathopJiyllum , Campophyllum , Zaphrenhs , 
Gystiphyllum , Phillipsastrea , Calceola , etc. Zaphreniis , Amplexus, Lithostrotion , 
Lonsdaleia , Cyclophyllum , etc., predominate in the Carboniferous Limestone of 
Belgium, England, Ireland, and North America ; while in the Zechstein the 
solitary genus known is Polycoelia. On the other hand, the Permo-Carboni- 
ferous rocks of the Salt Range in India and of the island of Timor contain the 
genera Zaphrentis , Amplexus , Clisiophyllum , and Lonsdaleia. According to Freeh, 
the genera Gigantostylis , Pinacophyllum , and Coccophyllum , occurring in the Alpine 
Trias, belong to the Tetracoralla ; and to this group also have been assigned 
Holocystis E. and H., from the Cretaceous, and the recent genera Hafllopltyllum 
Pourtal^s, and Guynia Duncan. A number of Paleozoic Tetracoralla, such as 
Battersbyia , Heterophyllia , and Stauria , are referred by Duncan and Nicholson to 
the Hexacoralla (“ Astraeidae”). 

Subclass 2. HEXACORALLA Haeckel. 

(Zoantharia Plain ville ; Eexadinia and Poly actinia Ehrenberg.) 

Simple or composite polyps , with radial mesenteries arising in cycles of six , twelve, 
or multiples of six (more rarely pentameral, septameral or octameral); frequently with 
calcareous corallum , but sometimes fleshy or with horny axis . 

To the Hexacoralla belong the calcareous reef-building and deep-sea corals 
(Madreporaria) of the present day, the fleshy sea-anemones ( AdUiiaria ), and 
those forms characterised by the secretion of a horny axis ( Antipatharia ). Of 
these three orders, only the Madreporaria are known in a fossil state. These 
forms are distinguished from the Tetracoralla by the hexameral system and 
radial arrangement of mesenteries and septa ; and from the Octocoralla, in 
addition to the above-named characters, by their simple tentacles. 

According to Duerden, either before or shortly after extrusion of the 
larva, the six primary pairs of mesenteries (protocnemes), constituting the first 
cycle, make their appearance. The organs arise in bilateral pairs, in a 
regular and well-defined order, which is uniform for all the species yet 
studied. The first two or three pairs arise around the oral extremity of the 
larva, while the others first appear at varying distances down the wall. The 
protocnemic sequence is represented by the Roman numerals in Fig. 126, and 
agrees with that established for the greater number of actinians. The first 
four pairs very early unite with the stomodaeum, but the fifth and sixth 
pairs remain free or incomplete for a lengthened period, suggesting a different 
phylogenetic significance from the others. 

The six pairs of second cycle mesenteries (meiacnemes) arise after fixation, 
but in a manner altogether different from that followed by the first cycle. 
They appear on the polvpal wall in unilateral pairs or couples within the 
six primary exocoeles, and in a succession which is from the dorsal to the 
ventral side of the polyp, not the whole cycle at a time. For a long time, 
as shown in Fig. 127, the six pairs present a difference in size, corresponding 
with their dorso-ventral or antero-posterior order of appearance. 
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The twelve pairs of third cycle mesenteries are found to develop in a 
succession r which is altogether unexpected. ;They follow the same dorso- 
ventral order as the second cycle pairs, but in two series. . A primary series 
of six pairs — one pair within each sextant — appears within the exocoele on 
the dorsal aspect of each of the second cycle mesenteries, one pair following 
upon another, and then another series of six pairs arises on the ventral 
aspect of the second cycle mesenteries in the same order (Fig. 128 ).. In the 
later stages of development the regularity of the mesenterial succession is not 



Fig. 126. 

Growth stages of coral polyp m 1 Macandm (“ Manicina ") areolatn. Diagrammatic figures showing order of 
appearance of the six primary pairs of mesenteries. In a only two pairs of mesenteries are present, of which one 
pair (i) is united with the stomodaeum, while the other (n) is free ; in b the second pair of mesenteries has become 
complete, and a third pair (m) has appeared on the ventral border ; in c another pair (iv) is found within the dorsal 
chamber ; in d the first four pairs of mesenteries to arise have all become complete, and the fifth and sixth 
pairs (v, vi) have appeared, but remain incomplete for a long period, the secondary mesenteries appearing in 
the meantime (cf. Fig. 127). The actual stages given are taken from Maeandra araolata, but a like sequence is 
presented by other species whose development has been followed (after Duerden). 


always maintained ; one region may be somewhat in advance of, or may lag 
behind its normal development. 

The sequence thus outlined in the briefest manner is sufficient to show 
that the development of the mesenteries in coral polyps is bilateral, and 
takes place in stages from one extremity to the other. The radial symmetry, 
characteristic of the adult polyp, is thus derived from primitively bilateral 
organs, which appear in an antero-posterior succession. Moreover, each cycle 
represents a separate period of development, as compared with the successive 
growth in one direction of ordinary segmented animals. 

The first two cycles of tentacles (prototentacles) generally arise a cycle at 
a time, either simultaneously or one following the other. The later tentacles 
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are developed in an order in correlation with that of the mesenteries, some- 
times entocoelic and exocoelic members appearing together. In the process 
of growth the exocoelic members are always relegated to the outermost 
cycles, in a manner first established by Lacaze-Duthiers for actinians ; only 
the entocoelic tentacles are of any ordinary value. Sulerastrea radians (Pallas) 
is exceptional in that the exocoelic tentacles appear in advance of the 
entocoelic. 


I 



i 


Fm. 127. 

Growth stages of larval polyps m Sulerastrea radians. Three diagrammatic figures illustrating the manner 
of appearance of the six mesenteries (A-G) constituting the second cycle. The mesenteries arise m unilateral 
pairs withm corresponding exocoelie chambers on each side of the polyp. At first (a) a pair appears within the 
dorso-lateral exocoele on each side ; shortly after (b) a similar pair arises withm each middle exocoele; then (r) 
a pair within each ventro-lateral exocoele. For a long time the pairs retain a difference in size, corresponding 
with then order of appearance (after Duerden). 


The skeleton never appears until after fixation of the larva. It makes its 
first appearance in the form of minute plates or granules, as an ectoplastic pro- 
duct of the ectodermal cells (calicoblasts) of the base. A flat, circular, basal 
plate is formed by the union of these, and may later become produced upward 
at the edge as the epitheca, while from its inner or poly pal surface the septa 
begin to appear as vertical upgrowths formed within invaginations of the 
basal disk of the polyp. The skeletal cup first formed is known as the 
prototheca. 
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Like the tentacles, the first two cycles of septa (protosepta) may appear 
simultaneously, or the cycle of six entosepta may arise in advance of the 
cycle of six exosepta. The order of appearance of the later cycles is not yet- 
thoroughly understood, the relative sizes in the mature corallum by no 
indicating the actual order of development. As in the case of the mes^hteries, 
the radial plan of the mature septa is derived from structures which appear 
bilaterally, in a more or less definite dorso - ventral or antero - posterior 




Pig. 12S. 


Three stages in the development of the twelve pairs of tliiid-cycle mesenteries. All the six pairs of primary 
mesenteries are now complete, and the second-cycle pairs are all equal, hut free from the stomodaeum In a a 
pair of third-cycle mesenteries (hi) has appeared on each side, within the exocoele next the dorsal directives ; m 
b a corresponding pan occurs within the dorsal of the ti\o exocoeles of all the six systems, the older being from 
the dorsal to the ventral aspect ; in c another senes of six pairs is beginning, situated within the ventral ot the 
two exocoeles m each system. Growth in the dorsal region is m advance ot that m the ventral (after Duerdcn). 


succession. Furthermore, as in the case of the tentacles, the exosepta remain 
exosepta throughout the course of their development, always constituting the 
outermost cycle. The entosepta beyond the primary six follow the same 
succession of growth as the mesenteries, so that the order assigned the 
secondary and tertiary mesenteries in Fig. 129 will also hold for the septa. 
Reproduction takes place either sexually, when separate individuals are pro- 
duced ; or asexually, by means of lateral or basal gemmation • or by fission. 
In composite coralla, the individual corallites are sometimes united by a 
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common coenenchyma. Endothecal structures are frequently present in the 
form of synapticulae, dissepiments, and tabulae. 

The order of stone corals or Madreporaria ( Zoantharia sclerodermaia) was 
divided by Milne Edwards and Haime into five suborders : Bugosa , Tabulafa , 
Tubulosa , Perforata , and Aporosa. Of these, the Bugosa have been elevated by 
Haeckel into a separate subclass under the name of Tetracoralla. The groups 
Aporosa and Perforata are called H exacomlla; while the affinities of the 



Fig. 120 . 


Diagram showing the order of appearance of all the mesenteries in a polyp having three cycles. The Roman 
numerals represent the cycles to which the mesenteries belong, and the smaller Arabic numerals indicate the 
order in which the mesentery appeared within its cycle. The regularity here indicated is constant for the 
primary and secondary cycles, but departure may be encountered in the third cycle (after Duerden). 


Tabulata (with which the Tubulosa are now generally included) are still 
unsatisfactorily determined. The group is certainly composed of a varied 
assemblage of forms, some of which have been assigned to the Hexacoralla, 
some to the Octocoralla, and some to the Hydrozoa and Bryozoa. 

• 

Order 1. MADREPORARLA Milne Edwards. 1 

(Zoantharia sclerodemata E. and H.) 

Radially symmetrical sclerodermous corals with typically hexamentl (rarely 
; 'pentameral , heptameral , or octameral) arrangement of septa . 

1 Literature: Pratz, E., Ueber die verwandtschaftliclie Beziehungen einiger KoraUengattungen, 
etc. Palaeontogr. 1882, vol. xxix. — Freeh, jF.,Die Korallenfauna der X ordalpinen Trias. Palaeontogr. 
1890, vol. xxxvii. — British Museum Cat. of Madreporariau Corals, vol. i. by Georye Brool;, 1893, 
vols. ii.-vL by jET. M. Bernard , 1896-1906. — Volz, ir., Die Korallen der Schichten von St. 
Cassian in Sud-Tirol. Palaeontogr. 1896, vol. xliii. Felix, J., Anthozoen der Gosauschichten 
in den Ostalpen. Palaeontogr. 1903, vol. xlix. — Duerden, J. E., The Coral Siderastrea, etc. 
Carnegie Inst. Wash., 1903, Pub. No. 20. — Lany, IF. D., Growth-Stages in the Coral Genus Para- 
smilia. Proc. Zool. Soc. London, 1909, pt. ii. — Parona , O. F., La Fauna coralligena del Cretaceo 
dei Monti d’ Ocre nell* Abruzzo. Mem. Com. Geol. Ital., 1909, vol. v. (See also ante, p. 74). 
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Suborder 1. APOROSA Milne Edwards and Haime. 

Septa and theca compact ; inter septal loculi usually partitioned off by dissepi- 
ments or synapticulae , more rarely by tabulae , seldom empty throughout. Theca 
either independently sec/eted , or formed by fusion of the septal edges , or absent. 


Family 1 Turbinolidae Milne Edwards and Haime. 


Corallum simple , very seldom composite ; septa numerous , long, and with entire 
margins. Inter septal loculi empty throughout. Columella usually , pali often present. 
Theca complete. 


The Turbinolidae begin in the Jurassic, and are especially abundant in the 
Tertiary and at the present day. Sexual reproduction prevails, 
although a few forms multiply by gemmation ; the buds, how- 
ever, become separated from the parent animal at an early 
period. 

Turbinolia Lam. (Fig. 130). Corallum free, conical, with 
circular calice. Septa produced beyond the theca. Styliform 




Fig. 130. 

Turbinolia bower- 
banki E. and H. 
Eocene; Higligate, 
England. 6/l« 



Fig. 131. 

Ceratotrochns duodccimocostatus (Goldf.). Miocene ; 
Baden, near Vienna. Natural size. 



Fig. 132. 


Flabellim roissyanum E, 
and H. Miocene ; Baden, 
near Vienna. Natural size. 


columella present. Tertiary and Recent; common in' Calcaire Grossier oi 
the Paris Basin, and Eocene of England and southern United States. 

Sphenotrochus E. and H. Free, cuneiform with elongated calice; colum- 
ella lamellar. Cretaceous to Recent. Type, S. crispus (Lam,). Eocene tc 
Recent. Common in Calcaire Grossier of the Paris Basin, and in the Eocene 
of the Gulf States. 

Smilotrochus E. and H.; Stylotrochus From.; Onchotrochus Duncan. Cre 
taceous. Discotrochus E. and H. etc. Tertiary. 

Oeratotrochus E. and H. (Fig. 131). Horn-shaped ; young forms attached 
at the apex. Septa very numerous, produced above the theca; columella 
fasciculate. Cretaceous to Recent. 

Flabellim Lesson (Fig. 132). Corallum wedge-shaped, compressed, free, 
or attached. Septa numerous. Wall covered with epitheca, and sometimes 
furnished with spinous processes. Tertiary and Recent. 

Trochocyathus E. and H. (Fig. 133). Horn-shaped, with circular calice. 
Septa stout ; columella papillous and trabecular, and surrounded by several 
cycles of pali. Numerous species from Lias to Recent. 
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Thecocyathus E. and H. Depressed, conical, or discoidal, attached early in 
life, later becoming free. Wall with thick epithecal investment. Calice 
circular, septa numerous ; columella fasciculate, and sur- 


rounded by several cycles of pali. Lias, Jurassic, Cre- 
taceous, and Recent. 

Baracyatkus, Deltocyathus E. and H. (Fig. 134). 
Tertiary and Recent. Discocyathus E. and H, Jurassic. 
Goenocyathus , Acanthocyathus , Bathycyathus E. and H., etc. 
Tertiary and Recent. 

Caryophyllia Lam. (Fig. 135). Turbinate, with broad 

a b 




Fig. 135. 


Fig. 133. Fig. 134 

T rochocyafhus conulus From. Aptian; Deltocyathus itdlicusHl. and H. Miocene; 
Haute Marne, a, Profile, natural size ; b, Porzteich, Moravia, a. Profile, natural 
Calice enlarged. size , b, Cnhce enlarged. 


C'jLt'yoiiJiyUia eyathus 
Sol. Recent. Longitudi- 
nal section, natural size 
(after Milne Edwaids). 


base, attached. Calice, circular; columella papillous, trabecular, and sur- 
rounded by a single cycle of pali. Cretaceous to Recent. 


Family 2. Oculinidae Milne Edwards and Haime. 

Invariably composite coralla } increasing by lateral gemmation. TTalls of corallites 
thiclcened by a compact coenenchyma. Lower portion of visceral chamber narrowed or 
filled up by deposition of stereoplasma. Septa moderately numerous ; inferseptal loculi 
usually open to the base. Lias to Recent ; fossil forms not particularly numerous. 

Oculina Lam. Corallites irregularly or spirally distributed over the smooth 
surface of coenenchyma. Septa slightly projecting ; columella papillous, 
surrounded by cycle of pali. Tertiary and Recent. 

Agathelia Reuss. Like the preceding, hut form- 
ing tuberous or lobate colonies. Cretaceous and 
Tertiary. 

Synhelia E. and H. Cretaceous. Astrohelia E. 
and H. Tertiary. Psammohelia , Euhelia E. and H., 
etc. Jurassic. 

Haplohelia Reuss. Small, arborescent, with 
corallites all disposed on one side of the branches. 

Coenenchyma striated or granulated. Septa in 
three cycles ; columella and pali present. Oligocene. 

Enallhelia E. and H. (Fig. 136). Stock branch- 
ing ; corallites disposed usually in alternating 
sequence in two rows along the sides of branches. 

Coenenchyma highly developed, striated, or granulated ; columella rudi- 
mentary. Jurassic. Type, E , Compressa (d’Orb.). 
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Family 3. Pooilloporida© Verrill. 

Composite, branching, lobate, or massive colonies, with small cylindrical corallites, 
united by compact coenenchyma . Septa few (6-24), sometimes rudimentary. Visceral 
chamber partitioned off by horizontal tabulae . 

Of the two Recent genera belonging to this family, Pocillopora and Seriato- 
pora Lam., the former occurs also in the Miocene of the West Indies. 

Family 4. Stylophoridae Milne Edwards and Haime. 

Composite coralla, with corallites united by vesicular or compact coenenchyma. 

Septa well developed ; a prominent, styli- 
form central columella ; inter septal loculi 
empty throughout . Jurassic to Recent. 

Stylophora Schweigg. (Fig. 137). 
Stock branching, or depressed, 
massive and tuberous. Calices 
small, embedded in abundant, 
spinous, coenenchyma. Septa well 
developed, moderately numerous ; 
columella styliform. Jurassic, 
Tertiary, and Recent. 

Araeacis E. and H. Eocene. Stylohelia From. Jurassic ; Europe. 

Family 5. Astraeidae 1 Milne Edwards and Haime. 

Corallum composite, or more rarely simple. Theca formed by fusion of septal 
edges. Septa numerous, usually well developed, upper edges toothed, serrated, or 
lobular ; visceral chamber partitioned off by more or less abundantly developed 
dissepiments, more rarely by tabulae. Multiplication by budding or fission. Corallites 
of massive colonies usually reaching considerable altitude, and united with one another 
either directly by the walls or by means of septa exothecally produced (costal septa). 

Very abundant from the Trias onwards, and by far the most protean family 
of all the Hexacoralla. According to the serrated or entire character of the 
free septal edges, Milne Edwards and Haime divided their Astraeidae into two 
subfamilies — the Astraeinae and the Eusmiliinae, the latter of which has been 
elevated by Verrill to family rank. 

a. Simple coralla. 

Montlivaltia Lamx. (Fig. 138). Cylindrical, conical, turbinate, or dis- 
coidal, and either acutely pointed, or broadly expanded at the base. Septa 
numerous, upper edges serrated. Columella absent ; epitheca thick, corrugated, 

1 The family name Astraeidae is not available for use among corals, as the generic name Astraea 
was applied by Bolten in 1798 to mollusks now referred to Turbo and Xenophora, three years 
previous to its application, in 1801, by Lamarck to corals. It is known that the Astraeidae of 
Milne Edwards and Haime does not represent a natural association of corals, and, therefore, must 
be dismembered and divided into a number of families. Several subdivisions have already been 
proposed, but the detailed investigation of all the constituent genera has not progressed far enough 
to determine their natural affinities in all cases. In view of this condition it seems better to 
continue temporarily the use of the term Astraeidae until all the corals included under it have been 
thoroughly studied and their systematic affinities ascertained than to propose a substitute name 
for one known to be invalid. 


a h 



Fig. 187 . 


Stylophora subreticulata Reuss. Miocene ; Grund, near 
Vienna, a, Corallum, natural size; b, surface greatly 
enlarged. 
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readily becoming detached. Common in Triassic and Jurassic : somewhat rare 
in Cretaceous and Tertiary. The genus should probably be made to include 
various species which have been referred to Ejnsmilm From., and the so-called 
Oppelismilia Duncan. 

/3. Simple corctlla or composite colonies 
multiplying by calicinal or marginal gem- 
mation . 

Stylophyllum Eeuss. Corallum simple, 
either with or without calicinal or 
marginal gemmation, or forming massive 
colonies. Septa stout, but only in- 
teriorly complete, terminating above in 
strong vertical spines. Dissepiments vesicular ; wall covered with epitheca. 
Alpine Trias. 

Sfylophyllopsis Freeh. Simple or imperfectly branching. Septa terminating 
near the centre in detached vertical spines. Alpine Trias. 



Fn>. 13S. 

tui (Lain\ ). Great Oolite* ; 

Caen, Calvados. Natural size. 


y. Bushy colonies multiplying by lateral gemmation. 



Fig. 139. 

Stiilocom exilis Reuss. Mio- 
cene ; Niederleis, Austria. 
Corallum in natural size. 6, 
Calice enlarged (after Reuss). 


Claclocora Ehrbg. Corallum composed of long 
cylindrical branches, free on all sides. Calice circular ; 
septa well developed ; columella papillous ; cycle of 
pali present. Jurassic to Eecent. 

Sfylocora Eeuss (Fig. 139). Branches cylindrical ; 
septa stout, those of the first cycle with columnar 
thickenings or inner edges ; columella styliform. 
Cretaceous and Miocene. 

Pleurocora E. and H. Cretaceous. Goniocora E. 
and H. Triassic and Jurassic. 


8. Composite corallites multiplying by basal gemmation ; buds arising from stolons 

or basal expansions. 


Rhizangia E. and H. (Fig. 140). 



Fig. 140. 

Rhizantjia m ichclmi Reuss. Middle 
Cretaceous ; Gosau Valley, Austria. 
Natuial size (after Reuss). 


Corallites united by short, sub-cylindrical 


a h 



Fig. 141. 


ClaJawjfa cnufcrtn Reuss. Miocene; Biscliofs- 
wart, Moravia, a, Corallum, natuial size; />, 
Calice enlarged (after Reuss). 


stolons. Calices shallow, circular; columella papillous. Cretaceous and Tertiary. 

Latusastrea d’Orbigny. Corallites arising from common basal expansion, 
short and strongly inclined to one side, so that the calices acquire a semi- 
VOL. I H 
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circular contour and assume the form of protruded lips. Jurassic and 
Cretaceous. 

Astrangia , Gryptangia, Pliyllangia Cladangia (Fig. 141), Ulangia E. and H., 
etc. Tertiary and Recent. 


€. Massive coralla multiplying by lateral gemmation . 

Orbicella Dana (Fig. 142). Cylindrical corallites united by exothecally 
produced, confluent, costal septa. Columella spongy ; dissepiments numerous 
between the septa both within and exterior to the theca. Jurassic to Recent. 

Plesiastraea From. Like the preceding, but with several pali in front of 
all the cycles excepting the last. Tertiary and Recent. 



6 



Pig. 142. Fig 144. 

OrbicdJu conoidea (Reuss.). Mio- Laintncandm senatn 

cene; Enzesfeld, near Vienna. «, Beck. Coral-Rag; Natt- 
CoraUum, natural size; b, Calices heim. Natural size (after 
enlarged. Becker). 



Fig. lie. 

Calamophyllia Mesi E and H. 
Coral-Rag ; Steeple Ashton, England.* 
Natural Bize. 


E. and H. (Fig. 143). Corallites prismatic, closely crowded, and 
with fused walls. Calices polygonal; columella imperfect or absent. Trias 
to Cretaceous. 

Latonieandra d’Orb. (Fig 144). Like the preceding, but with the calices 
situated m short furrows. Trias to Cretaceous. 


Stylastraea From. Lias ; Europe. Amphiastraea From. Upper Jurassic • 
Europe. Leptastrea, Solenastrea , Pnonastrea , E. and H. etc. Tertiary and 
Recent. ^ 


£• Massive coralla multiplying by fission. 

. F r > ! a 0ke ? ( Fi g- 145 )‘ 0orallum massive ; calices oval or distorted, and 
united by confluent costal septa ; columella spongy. Jurassic to Recent. 
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Goniastrea E. and H. Corallites prismatic, calices polygonal 
developed ; columella spongy ; pali in front of all cycles 
excepting the last. Cretaceous to Eecent. 

77. Branching comlla multiplying by fission. 

Oalamophyllia Blainv. {RhabdophylUa E. and H.; 
Lithodendron p. p. Mich.) (Fig. 146). Colony fasciculate 
or bushy ; corallites very long, cylindrical. Wall 
costate, without epitheca ; columella absent. Trias, 

Jurassic and Tertiary, Especially common in Alpine 
Trias. C. clathrata (Emmrich). 

Thecosmilia E. and H. (Fig. 147). Colony bushy, 
calices dividing by fission, and more or less free. 

Epitheca corrugated, readily wearing away ; columella 
absent or rudimentary. Trias to Tertiary. Accord- 
ing to Freeh identical with Oalamophyllia . 
common in Triassic and Jurassic. 

Barypliyllia From. Eymenophyllia E. and H., etc. Cretaceous, 


Septa well 



Fin. 147. 

TJl£‘‘OSiil It ,<l tt h hot n 'lift 


-r-r JThO'OSinit tinhotn-im 

V ery (Goldf ). Coral-Rag ; Natt- 
he:m. Natural size 


0. Coralla with confluent calices increasing by fission . 

Leptoria E. and H. (Fig. 148). Corallum massive, composed of labvrinthic 
rows of confluent corallites with fused walls. Septa closely crowded, 
approaching parallelism ; columella lamellar. Jurassic to Tertiary. 

Diploria E. and H. Like the preceding, but with corallites united by 

produced costal septa instead 
of directly by their walls. 
Cretaceous to Eecent. 

Aspuliscus Konig (Fig. 149). 
Corallum discoidal, circular or 
elliptical, covered on lower side 
with wrinkled epitheca. Cali- 
cinal furrows radiating from the 
centre outwards, and separated 
from one another by sharply 
crested ridges. In the eentri- 
fugally disposed corallites the 
outermost septa are thickened, 
and form by their union a banded margin. Cretaceous. 

Stiboria Etall. Jurassic. Stelloria d’Orb. Cretaceous. Symphyllia E. and 
H. Tertiary and Eecent. 




Pin. 148. 

Leptoria lconiiiclci Reu&s. Upper 
Cretaceous ; Gosau Valley. Natural 


Pm. 149. 

Aspuliseiis cristatus 
Komg. Middle Cre- 
taceous ; Batua, Al- 
geria. Natural size. 


Family 6. Eusmiliidae Verrill. 

Like the Astraeidae , except that upper septal edges are entire , nut serrated . 
a. Simple coralla . 

Trochosmilia E. and H. (Fig. 150). Turbinate, base acutely pointed or 
encrusting. Septa numerous, extending to the centre. Without epitheca, 
costae granulated. Columella absent, dissepiments numerous. Cretaceous 
and Tertiary. 
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Coelosmilia E. and H. (Fig. 151). Like the preceding, hut with dissepi- 
ments sparsely developed. Cretaceous and Recent. 

PlacosmiUa E. and H. (Fig. 152). Cuneiform, base acutely pointed or 
slightly pedunculate.' Calice laterally compressed, elongated. Septa numerous ; 

h 



Fir,. 150. 


Trot'Jiubitnhn y mm fern Haime. Turoman , Bams-de- 
Rennes, France, a, Profile ; b, Oalice slightly enlarged 
(alter Fromentel). 



OodmruhalaKt E. jji . l « 

and H. White PltuvhimUa eunetfnnn^ E. 
Chalk ; Luueburg, and H Upper Cretaceous , 
Hanoi or Natural St. Gilgen on WolfgangHoo, 
size. Austria. Natural size. 


dissepiments abundant ; columella foliaceous. Epitheca absent ; costae granu- 
lated. Cretaceous. 

Diplodeniim Goldf. Calice laterally compressed, greatly elongated in 
transverse direction, and bent downwards at the ends so as to become crescent- 
shaped. Columella and epitheca absent. Costae dichotomously or tricho- 
tomously furcate. Upper Cretaceous. 

Axosmilia E. and H. Jurassic. Phyllosmilia From. Cretaceous. LopJio- 
smilia E. and H. Cretaceous and Recent. 


ft. Corolla multiplying by lateral gemmation. 

Placophyllia d’Orb. (Fig. 153). Buds originating on calicinal margin or 
sides, and giving rise to bushy or massive colonies. Columella styliform 
Jurassic. 


b 



Fm. 153. 

riaaophyllia dianthus (Goldf.). Coral- 
Bag ; Nattheim a, Corallum, natural 
size ; b, Calice enlarged. 


b 



Fm. 134 


i net ilelab&dici E. and H. Coral-Rag ; Steeple 
Abhton, England, u, Natural eize ; 6, OalieeB en- 
larged. 


Galaxea Oken. Bushy colonies with cylindrical corallites united by layers 
of finely vesicular coenenchyma. Recent. 

Stylina Lam. (Fig. 154). Massive colonies, with corallites united by 
coalescent costae. Septa well developed, disposed in six, eight, or ten cycles. 
Dissepiments numerous ; columella styliform. Multiplication by costal gemma- 
tion. Profuse in Trias, Jurassic, and Cretaceous. 
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Visceral chamber 


Placocoenia d Orb. ; Cryptocoenia E. and H. Jurassic and Cretaceous. 

Cyathophora Mich. Massive colonies, with corallites united by costae. 
Septa short, not reaching the centre ; columella absent, 
partitioned off by horizontal „ 

tabulae. Jurassic and Cre- 
taceous. 

Coccophylhm Eeuss. Massive 
colonies, with corallites united 
directly by their walls. Calices 


polygonal, septa numerous. Col- 



Fif. 155. 


A*ti'uui6Aw dtoruihuVn E. and H. Upp^i Cretaceous, Gosan 
Valley, Austna. a, Corallum, natural size ; b. Calices enlarged. 


umella absent ; visceral cham- 
ber tabulated. Alpine Trias. 

Pmacophyllum Freeh. Tri- 
assic. 

Holocystis Lonsd. Massive colonies, with corallites united by costae. Four 
of the septa larger or stouter than the rest. Tabulae in visceral chamber. 
Cretaceous. 

Astrocoenia E. and H. (Fig. 155). Massive colonies. Corallites polygonal, 
united by their walls; septa numerous, long. Columella styliform; only 
dissepiments present in visceral chamber. Trias to Tertiary. 

Stephanocoenia E. and H. Like the preceding, but with columella 
surrounded by cycle of pali. Trias to Eecent. 

Phyllocoenia E. and H. ( Confusastrea d'Orb. ; Atlelasfrea Eeuss). Massive 
colonies. Corallites round or oval, imperfectly united by costae. Septa 
strongly developed, thickened in the middle between theca and the centre. 
Columella rudimentary. Trias to Tertiary. 

C&nvemstrea d’Orb. Trias to Cre- 
taceous. Columnastrea , Stylocoenia E. 
and H., etc. Cretaceous and Tertiary. 

y. Cor alia multiplying by fission, 

Haplosmilia d’Orb. Bushy colonies. 
Corallites usually with dichotomouslv 
dividing crests. Calices circular or 
elongated ; columella styliform ; theca 
with ridge-like costae. Jurassic. 

Plocophyllia Eeuss (Fig. 156). 

foliaceous, or massive 
colonies. Corallites either becoming 
free or grouped into detached rows. 
Columella absent. Tertiary. 

Barysmilia E. and H. Corallum massive, forming a thick stem, the apex 
of which is covered with short buds. Calices oval, sometimes disposed in 
series ; columella rudimentary. Cretaceous. 

StenosTnilia From. Like the preceding, but with lamellar columella. 
Cretaceous. 

Pachygyra E. and H. Corallites arranged in winding rows, and united by 
a broad mass of costal coenenchyma. Columella lamellar. Jurassic and 
Cretaceous. 



Fig. 156. 

PloeophyUiu, ralyculata Reuss. Oligocene ; Monte 
Carlotta, near Vicenza. Natural size. 


Branching, 
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Phytogym d’Orb. J urassic and Cretaceous ; Europe. 

Pihipidogyra E. and H. (Fig. 157). Corallum fan-shaped, often corrugated, 
and with but a single calicular furrow. Columella lamellar. Jurassic and 
Cretaceous. 



Rlnpitloyym crassa From. Coral-Rag ; Gray, Haute-Saone. i/g natui*al feize 


Suborder 2. FUNGIDA Duncan. 

Solitary or colonial corals. Synapticulae in the interseptal and intercostal loculi . 
Dissepiments present or absent. Septa lamellate and solid or slightly perforate , or 
composed of a trabecular lattice-work with numerous perforations. Basal structures 
perforate or imperforate. 

Family 1. Fungiidae Dana. 

Embryo after becoming attached forms a trophozooid, which gives rise to buds 
(anthoblasts) ; these become detached , forming free individuals (anthocyathi). Adult 
corallum , simple or colonial , depressed or mitroid in form. Septa of higher cycles 
perforate , those of the lower perforate or solid. Synapticula , but no dissepiments 
present. JVall usually perforate in young, free individuals , subsequently more or less 
compact. No epitheca. 

Fungia Lamarck ; Halomiira Dana; Polyphyllia Quoy and Gaimard; 
Zoopilus Dana ; Cryptabacia E. and H. ; Lithactinia Lesson ; Herpetolitha 
Escholtz. Recent. Fungia oc- 
curs also in the post-Pliocene. 



Family 2. Agariciidae Yerrill. 

Simple or colonial Funguls 
with lamellar , usually imper- 
forate^ septa. JFall solid in 
simple genera , basal wall solid 
in colonies , walls betioeen coral- 
lit es solid when developed. Dis- 
sepiments present or absent. 

Microseris From. (Fig. 
158). Corallum simple, dis- 
coidal, circular; upper side 
vaulted, lower flat and granu- 
lated. Cretaceous. 



TrochoserisEi. and H. Simple species, trochoid and fixed. Tertiary and Recent. 
Cyathoseris E. and H. (Fig. 159). Corallum turbinate, attached. Young 
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corallites arising from periphery by costal gemmation. Common outer wall 
naked, striated. Cretaceous and Tertiary. 

Leptophyllia Eeuss (Fig. 160 ). Corallum simple, conical or evlindro-conical, 
with superficial calice. Septa numerous, thin, regularly-toothed ; solid or only 



Cyatliosens siibrerjulans Reuss Oligocene , Monte Carlotta, near Vicenza, Italy. Diziei, Haute - Maine. 

fi. Top view ; ft, Side view, natural >ue. Natural size. 

partially perforate. Thin dissepiments present. Thin epitheca present. 

Thamnasteria Lesauv. ( Thamnastraea auct., of which T. lamouroun is the 
type.) Jura. Zophoseris E. and H. ; Agarkia Lam.; Sulerastrea Blv., etc. 
Tertiary and Recent. 


Family 3. Anabaciidae Duncan. 

( Pseudoastraeinae and Pseudoagaricinae Pratz ; Jlicrosolenidae Gregory.) 

Simple cor alia, or composite , basalt y expanded or massive colonies . Septa 
numerous, perforate, and composed of calcareous bodies {trabeculae) arranged in 
vertical or fan-shaped rows {trabeculate). Theca between individual corallites absent, 
but may be present on under side of corallites or on lower side of the common 
stock . Interseptal loculi with sijnapticula and dissepiments . Abundant from Trias 
to Cretaceous ; rarer in Tertiary and Recent. 

Anabacia d’Orb. Simple, free, discoidal, or lenticular coralla, with flat 
base. Upper side vaulted, calice slit-like. Septa very numerous, thin, and 
united by synapticulae. Theca absent. Jurassic ; Europe. 

Genabacia E. and H. Like the preceding but composite, the central calice 
being surrounded by a row of smaller calices. Jurassic ; Europe. 

Micrabacia E. and H. Cretaceous ; Europe. 

Omphalophyllia Laube. Simple, turbinate or sub-cylindrical, attached, 
and covered with epitheca. Septa very numerous, upper edges granulated. 
Calice shallow, columella styliform. Alpine Trias. 

Cydolites Lam. (Fig. 161 ). Simple, free, discoidal, upper side vaulted, 
lower flat and covered with corrugated epitheca. Septa very thin, extending 
to the centre, extremely numerous, composed of vertical rows of trabeculae, 
and united by synapticulae and dissepiments. Very abundant in Cretaceous, 
rare in Jurassic and Eocene, 

Dimorpharaea From. (Fig. 162 , A, B). Composite, laterally expanded and 
pedunculate, or mushroom-shaped coralla. Common wall restricted to lower 
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side of corallum; individual corallites without proper walls, but united by 
costal septa. Columella styliform or rudimentary. Septa well developed, 
composed of fan-shaped rows of cylindrical trabeculae, and united by synapti- 
culae and dissepiments. Very abundant from Trias to Oligocene. 

b 



Fic,. 161. 

Cycloid w undulutu Lam. Upper Cretaceous; Gosau Valley, Salzkammergut. <t , Side view ; b, Lower 
surface ; r, Lateral aspect of septum, natural size. 


Dimorphastrea d’Orb. Like the preceding, but with calices concentrically 
arranged about a central individual. Trias to Tertiary. 

Comoseris d'Orb. (Fig. 163). Like Dimorpharaea, but with calices separated 
into groups by ascending fiexuous ridges. Jurassic and Tertiary. 

Astraeomorpha Reuss. Coralla composite, tuberous, basally expanded, or 
branching, and covered with corrugated epitheca. Corallites small, united by 
short and stout costal septa ; columella styliform. Trias to Oligocene. 

A B 


Fio. H32. 

A, Dhnorpharam, Lateral surface of costal septum, enlarged 
(8/1), showing tiabecular constitution; m. Line of junction of 
two septa belonging to different corallites ; t, Trabeculae ; 
p, Trabecular lacunae (after Piatz). B, Dimurpharasa aijart- 
vite* (Goldfuss). Upper Cretaceous ; Gosau, Salzkammergut. Comoseris conferta Reuss. Oligocene ; Monte 
Portion of upper surface of corallum. natural size Cailotta, near Vicenza. Twice enlarged. 




Microsolena Lamx. Colony massive, polymorphous, mammiliform, conical, 
with a broad base, nearly spherical, turbinate and pedunculate. Trias and 
J urassic. 


Suborder 3. PERFORATA Milne Edwards and Haime. 

Skeleton built up of small calcareous bodies ( sclerites ), between which are empty 
interstices of greater or lesser size . Theca formed by fusion of outer septal edges or 
absent Interseptal loculi empty throughout or traversed by synapticula or 
dissepiments . 
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Family 1 . Archaeocyathidae Walcott. 1 

Simple, turbinate , or sub-cylindrical coralla. Septa and theca porous . inner 
septal edges united by perforated interior wall , which encloses a hollow central space. 
Synapticida present in interseptal loculi. 

All but one of the genera described up to the present time (Archaeocyathus 
Bill., Ethmophyllwn Meek, Spirocyathus Hinde, Protopharefra Bornem., etc.) 
occur in the Cambrian rocks of North America, Spain, Sardinia and Aus- 
tralia. Atikokania Walcott is known from the Lower Huronian of Ontario. 
They represent possibly a distinct order of the Madreporaria . 


Family 2. Eupsammidae Milne Edwards and Haime. 


Corallum simple or becoming composite by lateral gemmation . Septa very 
numerous , sometimes united by synapticula , and frequently with their inner edges 
fused together. Theca naked or covered with epitheca , and formed by thickening of 
the septal edges. Silurian to Recent. 


Calostylis Linds. Corallum simple, sub-cylindrical, or composite and 
multiplying by lateral gemmation. Septa very numerous, of spongy con- 
sistency, and either fused together or united by synapticulae. 
Columella thick, spongy * wall covered with epitheca. Silurian ; 
Gotland. This genus probably belongs to the Tetraeoralla. 

Haplaraea Milasch. Simple, cylindrical coralla, with broad 




Fin. 104. 

Enpttnmmia 
t ro r Inform i* 
(Pallas). Oal- 
caire Grossier; 
ChausBy, near 
Pans. Natural 
size. 


a 



Bahuioiiliiflha unuata Reu'ss. 
Oligocene , Waldboekelhpuu, 
Prussia, it, Natural size ; 
b, Number of oepta enlarged. 


a c •• 



Pig. 166. 


Steiihanophilluf ctem* (Bronn). Pliocene; 
Sta/zano, near Modena, Italy. t> and », Uppei 
and lower biirtaees, enlarged; «, Piohle, natural 
size. 


encrusting base. Septa numerous, extending to the centre, perforr 
by large apertures, and sometimes fused together or united by synapticula 
Dissepiments also present, but no columella. Jurassic and Cretaceous. 

Eupsammia E. and H. (Fig. 164). Conical or turbinate, acutely pointed, 
free. Septa very numerous, arranged in five cycles, those of the last cycle 
stouter than the rest. Columella present or absent. Eocene to Recent. 

Balanophyllia Wood (Fig. 165). Simple, sub-cylindrical, attached by 
the base. Columella spongy ; septa closely crowded, partly fused together. 

Eocene to Recent. . . r 

Stephamophyllia Mich. (Fig. 166). Simple, discoidal ; base horizontal, caiice 


1 Billings J8., Palaeozoic Fossils of Canada, i., 1861-65.— Walcott, C. D., .Bull. u - s * Geol. 
Survey, No. 80, 1886.— Bvrnemann, J. G^ Verst emerungen des Cambrisclien Systems von Sardinian. 
1 886. — Hinde, G. J., Quart Joura. Geol. Soc., 1889, voL xlv.— Lainbe, L. M., Revision of the 
Genera and Species of Canadian Palaeozoic Corals. Geol. Surv. Canada, Contrib. to Canad. Palaeont. , 
1899, vol. iv. Taylor , W. T. G ., The Archaeocyathinae. Mem. R. Soc. S. Aust., lsnu, "voi. u. 
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circular. Septa numerous ; the six principal septa extending to the centre, 
the remainder with fused inner edges. Cretaceous and Tertiary. 

Dendrophyllia Blv. (Fig. 167). Corallum 
branching, increasing by lateral gemmation. 
Calices oval; septa numerous and slender, those 
of the last cycle extending to the spongy 
columella, and fused with the converging ends 
of shorter septa of preceding 
cycle. Tertiary and Recent. 

Lobopsammia , Stereopsammia 
Edw. and H. Eocene. Astroides 
E. and H. (Fig. 97). Recent. 

Family 3. Poritidae Dana. 

Composite coralla composed of 
porous sclerenchyma . Corallites 

small ; septa as a rule only moder- 
Fio. i67. ately numerous , sometimes repre- 

Dendrojihylha elegant Duncan. Oligocene, Brock enhurst, Sented by TOWS of trabeculae OV 

natural s ' ze ; h ’ Ttan8VW8e Beotlon of lamellae. Theca absent. 



Subfamily A. Spongiomorphinae Freeh. 

Corallum composed of thick trabeculae and strengthened by horizontal synapticulae . 
Calices very imperfectly differentiated from coenenchyma , and without distinct septa . 
Dissepiments usually sparsely developed . 

Of the genera belonging to this subfamily, Spongiomorpha, Eeptastylis and 
Stromatomorpha Freeh, are found in the Alpine Trias (Rhaetic and Zlambach 
beds). These are all tuberous, composite coralla of extremely irregular form. 
In Spongiomorpha and Eeptastylis, six septa are indicated by somewhat regularly 
disposed columns of trabeculae; and in the latter form these are bound 
together by synapticulae which are projected at equal altitudes, and form 
perforated horizontal storeys. In 
Stromatomorpha no radial arrange- 
ment of the trabecular septa exists. 

Balaeacis E. and H. ( Sphenopo- 
Dilum Meek and Worth.), occurring 
AS the Lower Carboniferous limestone 
of North America and Scotland, per- 
haps also belongs here. 


Subfamily B. Poeteinae Milne Ed- 
wards and Haime. Actwacis degans Reuss. Upper Chetacpoun ; Goaau 

Valley, Salzkammergiit. a, Upper surface, natural size ; 
Septa not very numerous , well developed . h, Transverse section, enlarged; c, Longitudinal section, 

Corallites united by their porous walls. enlarsed (affcer ReuS8) ' 

Litharaea E. and H. (Fig. 169). Massive coralla. Calices sub-polygonal, 
septa generally in three cycles ; columella spongy. Eocene and Miocene. 

Bhodcuraea E. and H. Massive coralla. Spurious walls of corallites thick ; 
pali prominent. Miocene and Recent. 
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Porites Link (Fig. 170). Massive or branching eoralla. Calices shallow, 
polygonal ; septa irregularly reticulated, usually twelve in number ; columella 



Litharam wbsteri (Bowerb ). Eocene , Bracklesham 
Bay, England a , Coiallum, natural size ; h, Four calices 
enlarged. 


Fonts aici uztaas Reuss. Miocene; Mo- 
ravia. a. Tramer^e section, 1>, Longi- 
tudinal section Both tiguie>> highly magn i- 
hed. 


papillous, surrounded by a single cycle of pali, the latter five or six in 
number, and not very distinct from the septal ends. Endotheca exists 
sparingly, and may be dissepimental or tabulate, or may be mere stereoplasm. 
Cretaceous to Recent. The genus 6 e 

Porites is one of the most im- a 

portant of existing reef-builders. 



Subfamily C. 

Alveoporinae Yerrill. 

Septa composed of detached 
trabeculae , spines , or reticulated 
lamellae. Theca perforate. Vis- 
ceral chamber with perforate tabulae. 

a,AIveopon> spt 

y/j n j n - tudmal section of 

Amopora Quo y and Gaim. b, Ahcopora mdu 
(Fig. 171). Massive eoralla. 

Calices small, polygonal. Septa 
represented by detached spinous processes, 
remotely situated. Tertiary and Eecent. 

Koninckia E. and H. Cretaceous ; Europe. 





a,Alveopom spongiosa Dana. Recent ; Fiji Islands. Longi- 
tudinal section of corallite showing perforate walls and tabulae; 
b, Ahcopora rudis Reuss. Nummulitic limestone; Oberburg, 
Stym, i/i ; c, Calices, greatly enlarged. (Fig. u, after Dana ; 
b, after Reuss.) 


Tabulae sparsely developed, 


Family 4. Acroporidae Yerrill 

Composite , branching , lobate, foliaceous , or massive eoralla with corallites embedded 
in a canaliculated and reticulated coenenchyma. Septa (6-24) compact , sometimes 
imperfectly developed . Two long septa often projected from opposite sides and meeting 
in the centre . 

The genus Acropora Oken (Madrepora auct., non Madrepora Linn., 1758) 
(Fig. 172), is an important agent in the construction of existing coral reefs, 
and builds colonies sometimes of considerable size. It occurs sparsely in the 
fossil state in Tertiary strata of various regions. 

Adinacis d’Orb. (Fig. 168). Massive or branching eoralla. Coenenchyma 
abundant, granulated ; septa stout, of nearly uniform proportions, columella 
papillous ; pali in front of all the septa. Cretaceous and Tertiary. 
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Astreopum Ely, Massive coralla. Coenenchyma porous and on upper 
surface echinulate. Septa of dissimilar proportions ; columella and pali 
absent. Tertiary and Recent. 

Deudracis E. and H. ; Cryptaxis Reuss. Tertiary. 

Tuvlinaria Oken (Gemniipora Blv.). Corallum foliaceous. Coenenchyma 
tolerably compact and finely echinulate. Septa of similar proportions ; 
columella spongy. Cretaceous to Recent. 


Rang© and Distribution of the Hexacoralla. 






mm 

mw 


The group Aporosa of the Hexacoralla begins as the Tetracoralla disappear, 
and develop a great variety of forms in the Trias, from the Mesozoic onward 
to the present day they have continued to play a leading part in the con- 
struction of coral-reefs. Of the families constituting the Aporosa , the 
“ Astraeulae ” is by all odds the most important and most protean, in com- 
ft h parison to which the Fungida , Stylo - 

phoridae , Pocilloporidae , Oculinidae and 
Turbmolidae fall into greatly subordinate 
rank. The other families are all younger 
than the “Astraeulae” not beginning until 
the Jurassic, the Pocilloporidae , indeed, not 
until the Tertiary. 

The Fupsammidae and Poritidae of 
the Perforata occur sporadically in the 
Silurian and Carboniferous, while it is not 
until the Trias that the Anabraciidae and 
Poritidae develop a large variety of forms ; from the Trias to the Tertiary, 
however, these genera continue* to be important reef-builders. The Eupsam- 
midae attain their greatest development in the Tertiary and Recent, while the 
Acroporidae belong almost exclusively to the present period. 

Occasional isolated deep-sea forms are met with in most of the several 
geological periods, but the usual mode of occurrence of the Hexacoralla is 
associated in masses in coral limestones ; the limestones may be of very vari- 
able thicknesses, but as a rule are interstratified between deposits of distinctly 
littoral character. Ancient coral-reefs most nearly resemble modern fringing 
or barrier reefs, but not atolls, the origin of which is clearly dependent upon 
peculiar conditions. 


Fig 17J 

AcroptH'O, awfl i/vt (Duncan). Oligocene, Broclcen- 
lvurst, England, a. Calices enlarged; b , Longi- 
tudinal section, greatly enlarged. 


The St. Cassian, Zlambach and Rhaetic beds of the Alpine Trias contain 
large numbers of reef-building Hexacoralla; but the pure limestones and 
dolomites of the Alps, as well as the Trias outside the Alpine region, are 
frequently either almost or entirely destitute of coral remains. 

In the Lias, coral-reefs have been found in England, Luxemburg and 
Lorraine. Certain beds of the Dogger, usually of but meagre thickness, are 
occasionally charged with corals, as in Swabia, the Rhine valley in Baden, the 
Swiss Jura, Normandy and England. Coral limestones are abundantly 
developed in the Upper J urassic of the J ura Mountains in France and Switzer- 
land, in Lorraine, Southern Baden, Swabia (Nattheim, Blaubeuern), Bavaria 
(Kelheim), many places in France and England, as well as in the whole province 
of the Alps, Carpathians, Cevennes and Apennines; here the uppermost 
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horizon (Tithonian) is especially characterised by their development. Reef 
corals are also greatly developed in the Cutch (Jurassic) series of India. 

In the Lower Cretaceous (Neoeomian) coral-reefs are found in France 
(Haute -Marne and Yonne), Crimea and Mexico ; while the Urgonian of 
Switzerland and the Bavarian Alps is occasionally charged with corals. In the 
Turonian and Senonian of the Alps (Gosau Beds), Pyrenees and the Provence, 
numerous coral-reefs occur, usually accompanied by Rudistoe ; elsewhere, how- 
ever, except in Holland (Maestricht) and Denmark (Faxoe), the Upper 
Cretaceous contains but a limited number of reef-building Hexacoralla. 

In the older Tertiary (Eocene and Oligocene) occurrences of coral-reefs are 
known on the northern and southern flanks of the Alps and Pyrenees, in Arabia, 
India, the West Indies, and in Georgia, Florida, Alabama, Mexico and Central 
America ; outside these areas their distribution is mostly sporadic. In the 
Miocene and Pliocene the true coral-reefs retreat more and more towards the 
equator (Red Sea, Java, Japan, Gulf of Mexico), while the Hexacoralla which 
persist in geologic formations within the temperate zone (Vienna Basin, Italy, 
Touraine) constitute but an insignificant feature of the general fauna. 

[The foregoing sections on the Tetracoralla and Hexacoralla Lave been revised by Dr. T. 
Wayland Vaughan, of the United States National ’Museum at Washington. It should be 
observed that, in the present unsatisfactory state of our knowledge of these organis ms , the 
classification adopted in this work, although perhaps as good as any available, is tentative in 
character. — Editor.] 

Subclass 3. ALCYONARIA Milne Edwards. 

( Octactinia Ehrenberg ; Octocorulla Haeckel). 

Composite colonies , rarely simple polyps , the individuals provided with eight 
mesenterial folds and eight broad , pinnately fringed, or plumose tentacles , which form 
a single cycle about the mouth . 

Hard skeletal elements are very generally developed in the Alcyonaria, being 
absent in comparatively few forms, and are remarkable for their manifold 
variety ; they occur either detached in the ectoderm and mesoderm, or are 
closely packed together at the base to form a horny or* calcareous axis ( sclero - 
basis), about which the polyps are distributed. Sometimes the calcareous 
bodies ( sclerodermites ) form compact tubes which are periodically partitioned 
off into storeys with the upward growth of the animal. Reproduction is 
accomplished either sexually, or asexually by basal or lateral gemmation, 
rarely by fission. 

Only the calcareous parts are known in the fossil state, such as the solid 
axes, detached skeletal elements, tubes and composite coralla; the horny 
structures are totally destroyed during fossilisation. The Alcyonaria make 
their appearance in the Ordovician, but rarely occur in great abundance. 

Family 1. Alcyonidae Milne Edwards and Haime. 

Fixed, fleshy, lobate, or ramose polyp stocks ( very rarely simple individuals), with 
echinulate or spicular calcareous bodies ( sclerodermites ) occurring detached in the 
soft parts. 

Isolated sclerodermites readily escape observation, owing to their minute 
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size and fragile constitution. They have been detected as yet only by Pocta 1 
in the Upper Cretaceous strata near Laun, Bohemia. 


a 





Family 2. Pennatulidae Millie Edwards and Haime. 

Polyp stocks with base embedded in sand or mud , and with horny 
or calcareous sclerobase ; polyps dimorphic . 

Slender, round or quadrate calcareous axes referable to the 
Pennatulidae have been detected with certainty only in the 
Trias ( Prographidaria Freeh.), Cretaceous (Pavonaria Cuv. ; 
Pennatulites and Palaeosceptron Cocchi; Glyptosceptron Bohm), 
and Tertiary (Gmphidaria E. and H.) (Fig. 173). 





1 


£ 

Fig. 173. 


Family 3. G-orgonidae Milne Edwards and Haime. 

Fixed , branching or fan-shaped colonies , with horny or calcareous 
solid sclerobase , or with jointed axis composed of alternating horny 
and calcareous segments . 

All the genera possessing horny, flexible axes ( Gorgonia , 
Pihipidogorgia , etc.) are perishable. Detached remains referable 
to Primnoa , Gorgonella and Virgularia , the axes of which are 
composed of both horny and calcareous layers, have been 
described from the Tertiary. In the genus Isis the axis con- 
sists of cylindrical calcareous segments alternating with horny 
connecting joints. It is found fossil in the Tertiary, and has 
been reported also from the Cretaceous. The genus Moltkia , 
occurring in the Upper Cretaceous, has cylindrical joints which 
are pitted with slight depressions indicating the position of 
branches. In the red or gem coral ( Gorallium Linn.) the axis 
is built up of spiniform sclerites, which are united by a fibro- 
crystalline calcareous matrix impregnated with organic matter. 
It occurs only rarely in the fossil state, but is known from 
the Cretaceous and Tertiary. 


Graphulana de- 
sert or urn, Zitt. 

stone (Eocene) ; Family 4. Tubiporidae Milne Edwards and Haime. 

Farafreh, Libyan 

AxisJnatiSaUize; Coralla composed of red-coloured parallel calcareous tubes connected 
hl J horizontal plates. 

enlarged. 

The cylindrical tubes of the recent Organ-pipe Coral ( Tubi 
pora) are composed of spiniform sclerites, which are united with one 
another directly in such manner as to enclose small hollow spaces appearing 
superficially as pores. The connecting horizontal plates or floors are tra- 
versed by canals which communicate with the visceral chambers of the 
tubes by means of numerous round openings. New corallites are budded 
from their upper surfaces. Unknown in fossil state. 


1 Pofocc, Philipp, Sitzungsber. Akad. Wiss. Wien, 1885, vol. xcii. 
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Family 5. Helioporidae Moseley. 1 

Calcareous corolla , composed of two series of tubiform corallifes ; the larger tubes 
( autopores ) are embedded in a strongly developed coenenchyma mode up of smaller 
tubes (siphonopores). Both autopores and siphonopores are closely tabulate; the 
autopores are provided ivith ridge-like pseudosepta , which , however , do not correspond 
numerically with the tentacles . 


The affinities of the Helioporidae with the Aleyonaria were first pointed out 
by Moseley. The larger polyps inhabit the autopores, and are furnished with 
eight mesenterial folds and a crown of eight tentacles ; while the smaller 
polyps, which are without either tentacles or sexual organs, are lodged in the 
siphonopores. The skeleton is composed of calcareous trabeculae, the same as 
in the Hexacoralla, from whose centres of calcification radial fibres extend 


outwards in caespitose fashion 
gemmation, while the autopores 
are formed by the coalescence 
and fusion of a number of the 
siphonopores. 

Eeliopora Blainv. (Fig. 174, 
A, B). Corallum massive or 
ramose; autopores with 12-25 
slightly developed pseudosepta, 
and embedded in a coenen- 
chyma made up of smaller 


The siphonopores multiply by intermural 

n c 



Fig. 1V4 


siphonopores : the latter are Hehopora part&'hi (Reuss). Upper Cretaceous, St. Gilgen on 
mn-rp pIhspIv tflhnlfltp t/hnn ^olfgangsee, Salzkammergut A, Corallum, natural size. R.Por- 
more Closely Laouiare man tlon of sllrfacej enlarged. C\ Polytremons blainvtVenm Reuss. 

the autopores. Cretaceous to ietace0US * Gosau > Salzkammergut. Vertical section, 


Recent. 


Polytremacis d’Orb. (Fig. 174, C). Like Eeliopora , but pseudosepta much 
more strongly developed, sometimes reaching nearly to the centre. Cretaceous. 
Odotremacis Gregory (Poly sole nia Reuss non Ehrenb.). Miocene ; Java. 


Family 6. Heliolitidae Lindstrom. 2 

Corallum massive , more rarely ramose , varying from spheroidal to flabellate , 
composed of tubular or vesicular coenenchyma enclosing corallifes in the form of large 
cylindrical and numerous smaller angular cells ; both the macro - and microcorallifes 
with tabulae. Usually twelve septa present in the large cylindrical cells , but these 
are often rudimentary. No mural pores ; basal epitheca present. Silurian and 
Devonian. 

The genera assigned to this family exhibit in their general appearance, 
finer structure and manner of multiplication, considerable resemblance to 
Eeliopora , with which they were associated by Moseley, Nicholson, Bourne, 

1 Moseley , H. iV., The Structure and Relations of Heliopora eaerulea. Philos. Trans. Royal 
Society, 1877, vol. clxvi. — Bourne , G. C., On the Structure and Affinities of Heliopra eaerulea. 
Ibid., 1895, vol. clxxxvi. pt. 1. 

2 Lindstrom, G., Remarks on the Heliolitidae. K. Svensk. Yetensk. Akad. Handl., 1S99, 
vol. xxxii. — Kidr, J., Die Korallenfauna der Etage 5 des norwegischen Silursystems. Palaeontogr. 
1899, vol. xlvi. — Idem, Revision der mittelsilurischen Heliolitiden, etc. Videnskabs-Selskahets 
Skrift. L Classe, No. 10, 1903. 
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Gregory and others. Here, as in Eetiopora, the autopores are formed by 
coalescence of numerous siphonopores in the ooenenchyma. On the other hand 
the corallites in the HelioUtidae have well-developed walls of compact homo- 
geneous matter, and as a rule also twelve strong septa are present* sometimes 
reaching nearly to the centre of the cylindrical chambers. On account of 
these differences the family has been separated from Ediopoi a, and some 
authors have proposed to associate them with certain Hexacoralla, or with 
the problematical Tabulata. 

Eeliolites Dana (StelliporeUu Wenzel; Nichohmua Kiar) (Fig. 175). Corallum 
massive, nodular or ramose. Autopores with twelve more or less strongly 
developed pseudosepta, though occasionally represented by rows of spinules, 
and frequently with central columella. Siphonopores without septa, and 
multiplying by fission or intermural gemmation. Abundant from Ordovician 
to Devonian. 

Plamopora 3L and H. (IHploepora Quenst.). Like EeHoUtes, but having 
walls of the siphonopores incomplete, and tabulae of contiguous tubes fused 
together so as to form a vesicular tissue. Ordovician to Devonian. 


A It C 



Picj lTfl. 

HdiaLvttt juroM Goldltuw. Devonian , BiftL J, Oorallum, natural mhl B, Parboil of outer am fee*, 
enlarged. C, Longitudinal section, enlarged. 


Protaraea E. »ad EL (Stylaraea EL and H., non Seebach). Low incrusting 
corallites, with relatively little coenenohyma Tabulae present in the autopores. 
According to Kiar, this form and Goccoseris Eichwald are closely related, and 
perhaps identical. Ordovician and Silurian ; Scandinavia and North America. 

Cosmiohthes Lmdstr. Corallites thin, lamellifonn. Coenenchymal pores 
thick-walled, not all of the same size, with concave or obliquely directed 
tabulae. Autopores with well - developed septa. Silurian; CL ornato 
LindBtr. 

Plasmpordla , PalaeoporUes and Trochiscdithus Kiar. Silurian ; Scandinavia 
AcaiUholitkas, PycnolitJm Linds tr, Belated genera having the same distri 
bntion. 

Appendix to the Antbozoa. 

Suborder. TABULATA Milne Edwards and Haime. 1 

Lvoctridbly composite corolla composed of tubiform or prismatic corallites . Walls 
thick , independently calcified, compact or perforated by connecting mural pores. Septa 

1 Literature : Zindstrvm, Affinities of the Anthoxoa Tabulate Ann. Mag. Nat Hint , 187ft, 
eer. 4, voL zvlu — sNie hd*on, S. A., On the Structure and Affinities of the Tabulate Corals of the 
Ppnrwl London, 1879. — Roomer, P, Lethaea Maeoanca, l, 1883, p. 418 — Waagm, 
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but slightly developed ( usually six or twelve ), sometimes repnsenfr'l mndy by vertical 
ridges or rows of s pines, and sometimes entirely afmutf. Viscuol eh a mm i partitioned 
off into successive storys by tabulae. Syuaptimb/t and dissepiments lomiutg. 

To the Tabula ta were originally assigned by Milne Edwards and Haime 
all corals having numerous tabulae and rudimentary septa. Later researches 
have shown, however, that some of these forms (Pocillopvridoe) belong to the 
Aporosa , others ( Helioporidcie ) to the Alcyonariu , and still others (J Iillepora) to 
the Hydrozoa. The majority of the typical Tabulata ( Foiositidue , Syringopondue , 
Halysitidae) exhibit close relationships to the Hexacoralla ; but since they are 
for the most part now extinct and are largely confined to the Paleozoic rocks, 
the determination of their systematic position is a matter of much difficulty. 
The ontogeny of the corallites in the Tabulata shows that the development of 
mural pores is homologous with the process of gemmation. Reproduction 
sometimes takes place by fission, but generally by means of buds from the 
edges of the calices at various stages during the growth of the parent corallites. 
Buds are given off early in Aulopora , producing basal corallites only; 
periodically in Eomingeria , producing verticils of corallites ; periodically and 
on one side in Hal y sites, producing linear series of adjacent corallites ; and 
very frequently in Favosites , etc., producing compact coralla with numerous 
mural pores representing aborted buds. 

Family 1. Favositidae Milne Edwards and Haime. 

Massive or branching coralla. Corallites uniformly prismatic , tall and united by 
their ivalls, which are perfoi ated by large-sized poies. Septa lenj short , usually 
represented by but faintly projecting ridges or rows of spines, but seldom completely 
absent. Tabulae numerous, situated at regular intervals, complete and horizontal, 
more rarely oblique or irregularly vesicular cystoid”). 

The Favositidae are distinguished from the Poritulae, with which Terrill 
associates them, by their thick solid walls, which are perforated by round, 
sometimes tubiform mural pores. The corallites are usually polygonal Jn 
contour, and their walls exhibit in transverse sections a dark, or sometimes 
light-coloured median line, with thickenings of stereoplasma on either side 
(Fig. 176, C). The family is exclusively Paleozoic, and plays an important 
part in the formation of Silurian, Devonian and Carboniferous coralline 
limestones. 

Favosites Lam. ( Calamopora Goldf.) (Fig. 176). Corallum massive, more 
rarely branching. Corallites prismatic, polygonal, generally hexagonal. 
Mural pores distributed at considerable intervals. Septa very faintly 
developed, represented by longitudinal ridges or rows of spines, or occasion- 
ally obsolete. Tabulae numerous. Ordovician to Carboniferous ; very 
abundant in Silurian and Devonian. 


IT., and Wentzel, J The Salt Range Fossils. Palaeontol. Indica, 1S87-— Beecher, C. E, The 
Development of a Palaeozoic Poriferous Coral. — Symmetrical Cell Development m the Favositidae. 
Trans. Conn. Acad., 1891, vol. vrn.- Wentzel, J Zur Keimtmss der Zoantliaria tabulata. 
Denkschr. Akad. Wien, 1895, vol. lxn. — Sardeson, F. IT., tJber die Beziehungen der fossilen 
Tabulaten zu den Alcyonarien. Neues Jahrb. Mineral., 1896, Supplem. vol. x — Wei&sermel, TP., 
Sind die Tabulaten Vorlaufer der Alcyonarien? Zeitsehr. deutsch. geol. Ges., 189S, vol. L — 
Vmassa de Regny, P. E Tnas-Tabulaten, etc. Res. d. wissensch. Erforsch. des Balaton-Sees, 
vol. i. pt. 1. Budapesth, 1901. 

VOL. I 1 
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Columnopnra Nich. ( Calapoecia Billings). Like the preceding, but with 
numerous, short, well-marked septa. Mural pores large, disposed in vertical 
rows between the septa. Ordovician. 

a b 


D 


Fig V7G. 

Favobitw pdyiuorpfia (Goldf.) Devonian ; Eifel. -4, Corallum, natural size. B, Corallitea enlarged, two 
of them broken open and showing tabulae. C and I), Transverse and longitudinal sections showing spmifonn. 
septa and mural pores (ji). (f? and D after Nicholson.) 

Emmonsia E. and H. Ordovician to Carboniferous. Nydopora Nich. 
Ordovician (Trenton). Syrmgolites Hinde. Silurian (Niagara). 

Pachypom Lind. (Fig. 177). Corallum branch- 
ing, composed of prismatic, polygonal corallites, 
the walls of which are so thickened towards their 
mouths by layers of stereoplasma that the calices- 
appear to have circular contours. Septa very 
minute ; mural pores scanty, but often of large size. 
Abundant in Silurian and Devonian. 

Trachypora E. and H. Dendroid with cylindrical 
stems. Corallites polygonal ; walls so thickened by 
** fio. lrr. layers of stereoplasma that the calices become round 

MW^^ W Dpvonian°^ o, ^fer r 0 C d" an( * g reat ^ contracted, and appear to be superficially 
Transverse section! n t Longi- widely separated. Mural pores few and irregularly 
NichSj. P> distributed. Septa represented by rows of spines. 

Tabulae at remote intervals. Common in Devonian. 

Striatopora Hall (Fig. 178). Like the preceding, but with tubes con- 
tracted by stereoplasma at a greater depth, so as to give the calices a 
funnel-shaped appearance. Silurian and Devonian. 

Alveolites Lam. (Fig. 179). Corallum massive or 
branching, composed of small, contiguous, compressed, 
thin-walled corallites, with obliquely opening triangular 
or semilunar calices. Septa very faint, represented 
merely by ridges or rows of spinules, sometimes but 17 s. 

a single row present. Mural pores of large size, ir- stnatoiwu jiexuosa Hail, 
regularly distributed. Very common in Silurian and yot™ (Niagara) ; New 
Devonian. 

Cladopora Hall ; Ooenites Eichw. Silurian and Devonian. 

PUwrodidyum Goldf. (Fig. 180). Corallum depressed, discoidal, circular 
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or elliptical in contour, lower surface covered with concentrically striated 
epitheca, and frequently a foreign vermiform body occupying the centre of the 
base. Corallites small, polygonal, contracted interiorly so as to become 
funnel-shaped. Septa represented by faint marginal ridges, or obsolete. 



jl, Alveolites suborbivuhtiis Lara. Middle Devonian , Gerolstein, Eifel 
Natural size. It and C, Alveolites lahechei E. and H Silurian (Wenlock) , 
Ironbndge, England. Tangential and vertical sections, 10 (after Nicholson ) 


Plt'f veil ti iji> i'rulh'hiativi'iii 
Goldf. Lower Devonian; Co- 
blenz. Natural size. Vermiform 
foreign body m the centie. 


Walls pierced by irregularly distributed mural pores ; tabulae sparse. 
Devonian. P. problematicum Goldfuss, is rather abundant in the Lower 
Devonian “ Spirifera sandstone ” of the Eifel, but is known only in the form 
of casts. In these the walls of the corallites are represented by narrow 
fissures which are bridged across by transverse rods, while the visceral chamber 
is filled up with sandstone. P. siylopom Eaton, from the Hamilton Group of 
North America, is a closely related species and also possesses the vermiform 
body. 

JL B V 



Fio. 181 . 

Mickelinla fuooait de Kon. Carboniferous Limestone ; Touruay, Belgium. A, Corallum from above. D. 
Lower surface with radiciform epithecal processes. <\ Vertical section (after Gaudiy). 


Mkhelinia de Kon. (Fig. 181). Discoidal or hemispherical coralla, often 
of considerable size, and covered on the under surface with concentrically 
striated epitheca, which frequently develops hollow radiciform processes. 
Corallites polygonal, rather large. Septa represented by numerous longi- 
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tudmal striae or ridges ; mural pores irregularly distributed ; tabulae very 
numerous, oblique or curved, incompletely developed, and usually filling 
tbe visceral chamber with loose vesicular tissue. Devonian and Carboniferous. 
M. favosa de Kon., extraordinarily profuse in the Lower Carboniferous Lime- 
stone of Belgium 


Family 2. Auloporidae Nicholson ( Tubulosa Milne Edwards and Hairne). 

Creeping, branching or reticulated tabular covalla , composed of cylindrical , beaker 
or trumpet-shaped corallites, with thick, imperforate, wrinkled walls . Septa repre- 
sented by faint marginal striae ; tabulae moderately numerous 
or wanting. Reproduction by basal or lateral gemmation. 
Ordovician to Carboniferous. 

Aulopora G-oldf. (Fig. 182). All the corallites of the 
prostrate corallum are attached by the whole of the lower 
surface to some foreign object ( Alveolites , other corals, or 
mollusks). Tabulae more or less curved ; reproduction by 
basal gemmation. Ordovician to Carboniferous. 

Cladochonus M c Coy ( Pyrgia E. and H.). Corallum 
branching, attached only at isolated points, and composed 
of funnel-shaped corallites without tabulae and septa. 
Eeproduction by lateral gemmation. Carboniferous. 

Eomingeria Nich. (Quenstediia Rom.). Spreading, 
semi-erect, bushy coralla, only basally attached, and with 
cylindrical corallites increasing by lateral gemmation. 
Tabulae moderately numerous, horizontal. Silurian and 
Devonian. 



Fig. 1S2 


A ulopoi a tulMvformts 
Goldf. Devonian , Gerol- 
stein, Eifel Xatural size 
(after Goldfuss), 


Family 3. Syringoporidae Milne Edwards and Haime. 

Fasciculate coralla composed of cylindrical corallites , united at intervals along the 
sides by hollow connecting processes or by horizontal expansions . Walls thick , 

wrinkled; septa faintly developed , represented by delicate 
ridges or longitudinal rows of spinules ; tabulae nv/merously 
developed, usually irregularly funnel-shaped . Peproduction 
by basal gemmation or by buds arising from the connecting 
processes and horizontal expansions. Ordovician to Car- 
boniferous ; maximum in Devonian and Carboniferous. 



Synngopora Goldf. (Fig. 183). Fasciculate coralla, 
often attaining considerable size, and composed of 
cylindrical, thin-walled, somewhat flexuose corallites; 
the latter communicate by means of hollow, cylindrical, 
connecting processes. Septa rudimentary ; tabulae 
funnel-shaped. Corallum commencing with prostrate 
basal zooids similar to Aulopora . Numerous species 
ranging from Silurian to Carboniferous. 

Chonostegites E. and H. Corallum massive ; cylindrical corallites connected 
by horizontal, hollow, laminar expansions into which the endothecal tissues art 
directly continued ; tabulae oblique, cystoid. Devonian. 


Fig. 1S3 

Syringopora mmulosa Goldf. 
Carboniferous Limestone ,* 
Regnitzlosau, Fichtelgebirge. 
Natural size. 
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TherostegitesK and H. Corallum encrusting ; corallites short, cylindrical, 
and connected by thick horizontal plates. Tabulae approximately horizontal • 
septa twelve in number, represented by marginal ridges. Devonian. 


Family 4. Halysiti&ae Milne Edwards and Haime. 
Chain corals. 


Corallum composed of long, cylindrical , laterally compressed 
corallites , which are joined to one another only along the more 
restricted edges, ancl form free, vertical, intersecting and anas- 
tomosing laminae. IP all thick, covered on free sides hi / wrinkled 
epitheca ; tabulae numerous, horizontal or concave ; sepia repre- 
sented by vertical ridges or rows of spines, in cycles of twelve, 
sometimes entirely absent. Increase by stolomil gemmation. 

The unique genus Halysites Fischer ( Catenipora Lam.) 
(Fig. 184), comprises two groups of species; those in 
which the corallum is composed throughout of coral- 
lites of equal size (H. escharoides Lam. sp.), and others in 
which any two of the larger corallites are separated by 
the intervention of a single smaller, closely tabulate tube 
(H. catemdaria Linn, sp.) Ordovician and Silurian ; maxi- 
mum in the Silurian. 



Fig IS4. 

ifa’? > otClliVai 

(Lmn.) Sil’inan ; Got* 
land. Xatmal feizo. 


Family 5. Chaetetidae Milne Edwards and Haime. 

Massive corallci, composed of fine , subegual, tubiform corallites , contiguous on all 
sides. Calices rather irregular in shape, one diameter slightly greater than the other. 
Walls thoroughly amalgamated , common to adjacent corallites , imperforate, apparently 
composed of closely arranged, ankylosed veiiical columns , which fei minute at the 
surface in hollow prominences. Septa absent, but one or two tooth-like projections 
often observable in sections. Tabulae horizontal, remote or abundant . 

The forms belonging to this family are extinct, and occur chiefly in the 
Ordovician, Silurian, Devonian and Carboniferous systems ; but a "few are 
also found sporadically in the Trias, Jura and Cretaceous. They are largely 
concerned in the formation of Paleozoic coral reefs, especially during the 
Carboniferous. Milne Edwards and Haime regarded them as" Anthozoans, 
Rominger and Lindstrom as Bryozoans, while Dybowski emphasised their 
affinities with the Favosifidae. By Nicholson they Were assigned to the Otto - 
cor alia, for the reason that the corallites frequently exhibit a dimorphous 
character the same as in Eeliolifes and Heliopora , besides agreeing in their 
microscopic structure with Eeliolifes ; while in addition they possess well- 
developed tabulae and imperforate walls. Many genera and species formerly 
included under this family are now assigned to the Bryozoa. 

Chaetetes Fischer (Figs. 184a, 184??). Corallites long, thin-walled, prismatic, 
polygonal, all of one kind, and multiplying by fission. Uncompleted fission 
of the tubes often indicated in section by tooth-like projection extending 
into the visceral chamber. Walls structureless, without dark median line ; 
tabulae complete, remote. Very abundant in Lower Carboniferous; ftfund 
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also in Lias and Upper Jurassic. C. radians Fisch., is an important rock 


builder in the Eussian Lower Car- 
boniferous, especially near Moscow. 

Dania E. and H. Silurian. Tetra- 
dium Dana. Ordovician and early Sil- 
urian. Pseudochaetetes Hang. Upper 
Jurassic; Europe. P.polyporus (Quenst.). 


A B 



Fit.. 184a. 

Cliaciete s septosus Flein Lower Car- 
boniferous ; England. A, Transverse 
section parallel to upper surface. B, 
Veitical section both enlarged ; p, Pro- 
jecting spines representing uncompleted 
lisssion (after Nicholson). 



Fits. 1S4Z>. 


Chuetetes radians Fiscliei. Lower Carbon- 
iferous ; Moscow, Russia Portion of longi- 
tudinally fractured coiallum, natural si ze. 


Geological Range of the Tabulata. 

With but few exceptions the Tabulata are restricted to Paleozoic for- 
mations, and from the Ordovician to the Carboniferous systems inclusive 
occur in considerable profusion, being associated with the Tetracoralla and 
certain Hydrozoa (Stromatoporoids) in the building of large coral reefs. Of 
the various families constituting this group, the systematic position of which is 
uncertain, the Halysitidae are limited to the Ordovician and Silurian, and the 
remainder, including the genus Chaetetes Fischer, are represented continuously 
from the Ordovician to the Carboniferous. In the Middle Cambrian shales 
of British Columbia, Walcott has recently discovered a remarkably well- 
preserved actinian, named Mackenzia , which appears to belong to the family 
Edwardsiidae, and to be closely related to the genus Edwardsia. 


Glass 2. HYDROZOA Huxley. Hydroids and Medusae . 1 

Sessile or free-swimming polyps or polyp stocks , without oesophageal tube, and with 
simple gastrovascular cavity not divided into radial pouches . 

The Hydrozoans are organisms which rarely secrete hard parts, and hence 
are ill-adapted for preservation in the fossil state. The ramifying polyp stocks 
are usually inferior in size to those of the Anthozoa, and possess always a 
simpler structure ; dimorphism or polymorphism is, however, exhibited by the 
different individuals, some of which perform solely vegetative, and others only 
reproductive or protective functions. Of great interest is the prevailing alterna- 
tion of generations, in which process fixed polyp stocks give rise to a generation 
of free-swimming Medusae, the eggs of which develop in turn into polyps. 

1 Huxley , T. H, The Oceanic Hydrozoa. London, 1859 .—Agassiz, A. , North American Aca- 
lephae. 111. Cat. Museum Comp. Zool. Cambridge ii., 1865. — Hincks, T., Natural History of the 
British Hydroid Zoophytes. London, 1868. — Claus, C., Untersuchungen uber die Organisation, etc., 
der Medusen. Leipzic, 1883. 
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The Hydrozoci are all aquatic, and with few exceptions are inhabitants of 
the sea. They are commonly divided into the two following sub-classes : — 
Hydromedusae and A calephae. 

Subclass 1. HYDROMEDUSAE Vogt. 

Sessile or free-swimming, usually branching colonies, with dimorphic , nutritive and 
reproductive polyps ; the latter frequently become liberated in the foim of small, free- 
swimming Medusae, with non-lobcde umbrellas composed of a hyaline, gelatinous 
substance. 

Six orders of Hydromedusae are recognised : Hydroriae, Hydrocorallinae, 
Tubulariae, Campanulariae, Trachymedusae and Siphonophorae. Of these only 
the Hydrocorallinae , Tubulariae and Campanulariae secrete calcareous or 
chitinous structures capable of preservation in the fossil state. 

Order 2. HYDROCORALLINAE Moseley. 1 

Naked polyps secreting at the base a dense calcareous skeleton, traversed at intervals 
by two series of vertical tubes, into which the dimorphic zooids can be retracted. 

The Hydrocorallinae comprise the two Recent groups Milleporidae and Stylas- 
teridae, which were universally regarded as true corals until Louis Agassiz and 
Moseley proved their relation- 
ship to the Hydrozoa. 

Millepo'i'a Linn. (Fig. 185). 

Massive, foliately expanded, 
encrusting or branching poly- 
par ia ( coenosteum ), often attain- 
ing considerable size. Upper 
surface punctured by round 
openings of the larger tubes 
(gastropores), between which 
are the mouths of numerous 
smaller tubes ( dadylopores ). 

The skeleton is composed of 
a network of anastomosing 
calcareous fibres, traversed by 
a system of tortuous canals. 

The gastropores lodge the larger, nutritive polyps, and the dactylopores the 
smaller, food- procuring zooids ; the latter have no mouths, but are provided 
with short, clavate tentacles on their sides, and their tubes communicate with 
the vermiform canals. Zooidal tubes tabulate, but nonseptate. The genus 
is an important reef-builder of the present day, but occurs only sparsely in 
the fossil state. Earliest known forms appear in the Eocene. 

1 Literature : Allman , J. G., Monograph of the Gymnoblastic or Tubularian Hy droids. Ray 
Society, 1871-72. — Moseley , H. N.. Philosophical Transactions Royal Society, vol. 167, 1S78. — 
Steinmann , (?., tlber fossile Hydrozoen aus der Familie der Coryniden. Palaeontographica, vol. 
xxv., 1877. — Idem, Uber triasische Hydrozoen voni ostlichen Balkan. Sitzber. Akad. Wiss. 
Wien, raath.-phys. Classe, vol. eii., 1893. — Oanavaci , il/., Idrozoi Titoniani appartenanti allaFamiglia 
delle Ellipsactinidi. Mem. Comitato Geol. vol. iv., 1893. — Vinassa, de Regny, 0. J£., Studii sulle 
Idractinie fossili. Mem, Accad. dei Lincei, 1899, ser. 6, vol. iii. 


li 



Fit.. Ifio. 

Millepnra nodosa E^p. Recent. A, Upper surface of coeno- 
stenn, showing gastropores, k, and dactylopores e, ^; 3 . B, 
Vertical section, k, gastropores with tabulae, t ; c, Vermiform 
canals communicating with dactylopoies, (after Steinmann). 
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Stylaster Gray. Branching polyparia composed of a network of fibrous, 
rose-coloured coenenchyma, in which are situated calicular depressions that are 
provided with pseudosepta and columellae, and communicate with the zooid 
tubes and vermiform canals. Recent, and occurring sparsely in the Tertiary. 


Order 3. TUBULARIAE Allman. 

Polyp stock s icliich are either naked or covered with chitinoiis outer layer (periderm ) . 
Both the polypoid nutritive zoouls , and also the medasoul reproductive animals are 
vithout cup-shaped hydrothecae surrounding the polyp head. A chitinous or calcareous 
skeleton (hydrophyton) is frequently secreted at the hasc. 

Hy dr actinia v. Bened. (Fig. 186). Hydrophyton in the form of encrusting, 
chitinous, rarely calcareous expansion, frequently investing gastropod shells. 
The crust consists of successive, slightly separated, horizontal laminae, which 

are supported by num- 
erous vertical rods or 
columns (radial pillars). 
The surface is covered 
with projecting hollow 
spines and tubercles, 
and is also traversed 
by shallow, branching 
grooves (astrorhizae). 
Interlaminar spaces 
communicating with 
the surface by means 
of rounded tubes. 
Tertiary and Recent. 

JEllipsactinia Steinm. 
Hydrophyton irregu- 
larly ellipsoidal, com- 
posed of thick, con- 
centric, slightly separ- 
ated, calcareous lam- 
ellae, which are united 
by sparsely distributed 
vertical columns. 
Lamellae are formed by the anastomosis of exceedingly delicate calcareous 
fibres, punctured by numerous fine radial tubes, and furnished on both sides 
with pits, tubercles and branching furrows. Upper Jurassic (Tithonian ) ; 
Alps, Carpathians and Apennines. 

Sphaeradinia Steinm. Like the preceding, but composed of thin, widely 
separated lamellae, which are supported by numerous radial pillars. Centre 
frequently occupied by a foreign body. Upper Jurassic (Tithonian). 

Loftusia Brady (Fig. 187). Ellipsoidal or fusiform bodies, composed of 
thin, concentric or spirally rolled calcareous lamellae. Interlaminar spaces 
wide, intersected by numerous radial pillars, and often secondarily filled with 
calcareous mud. Eocene ; Persia. 

Barker ia Carp. Globular or walnut - shaped organisms with nodulated 


A B 



Fig. 1S6 

A, Hyduu'tinm erhnmta Flem. Recent ; North Sea. Foition of commensal 
colony, greatly enlarged ; hy, Polyps (hydi anths) ; * 70 , Generative bucls(gono- 
phores); hph, Hydrophyton adherent to shell of Bnrrtnium undatu m, and 
showing reticulated structuie m vertical section. B, Hydrant unci calcaiea 
Cart. Vertical section oi lndiophyton, greatly enlarged (after Carter); a, 
Primary basal lamella ; b, Interlaminar space ; r. Second lamella ; d, Radial 
pillars between the lamellae , e, J, Tubercles ami spmes piojectmg on upper 
surface C, Hydnictuua piocaena Alim. Pliocene, Asti, Italy. Hydro- 
phyton encrusting on Nwttn shell (natural size). D, Portion of magnified 
surface of the latter, showing branching grooves and wart-like tubercles. 
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exterior, and composed of rather thick, concentric, calcareous lamellae. Inter- 
laminar spaces divided into chamberlets by stout radial pillars, which usually 
extend continuously through a number of lamellae. Both lamellae and pillars 
consist of minutely tabulated tissue, the tubules of which are radial in arrange- 
ment. Centre frequently occupied by a foreign body. Cambridge Greensand 
(Cenomanian). 

The genera Parker ia and Loftusia were originally described as agglutinated 
Foraminifera ; they are, however, manifestly very closely allied to Ellipmctinia 
and Sphaeractinia . 

Porosphaera Steinm. (Fig. 188). Globular masses of the size of peas or 
hazel-nuts frequently growing around some foreign body, and composed of 
anastomosing calcareous fibres which are penetrated by 
numerous radial tubules ; the latter open on the surface 
in the form of large pores, around which radial or stel- 
late furrows ( astrorhizae ) are sometimes grouped. Upper 
Cretaceous. 

a r. 


P< iro^'fa i( ’ a globular is 
(Phill.). Upper" Cretace- 
ous : Rugen. J, Skeleton, 
natural size, /, Cavity 
originally occupied by 
foreign body. B, Trans- 
verse section showing 

Lnftusiu pemnn Brady. Eocene ; Persia J, Specimen cut open to show general radial tubes of gastro- 
structure, natural size (after Brady). B, Section showingitwo lamellae and inter- pores, - j (after Stem- 
lammar filling, gieatly enlarged. mann) 

StoliczJcaria Duncan. Trias ; Karakoram and Balkan Mountains. 

Cycloporidium, Rliizoporidkm Parona. Cretaceous. Poractinia and Cyclac- 
tinia ( Kerunia Mayer-Eymar) Yinassa. Tertiary. 

Heterastridiam Reuss (Syringosphaeria Duncan). Includes spheroidal, nodular 
bodies of considerable size, composed of slender, anastomosing, and more or 
less distinctly radial calcareous fibres. Skeleton comparatively dense, but 
perforated by two series of zooidal tubes appearing superficially as pores. The 
apertures of the larger tubes are round, those of the smaller stellate, and are 
surrounded by radial furrows. Alpine Trias. 

Appendix to the Hydrocorallinae and Tubulariae. 

Stromatoporoidea Nicholson and Murie. 1 

Closely allied to the Hydrocorallinae and Hydradinia are the extinct Stromato- 
poroidea , which combine in many respects the characters pertaining to both of 

1 Bcirgatzki , A., Die Stromatoporen <les rheinischen Devons. Boun, 1881. — Xicholson, E. A., 
Monograph, of the British Stromatoporoids. Palaeont. Soc. 1886-92. — Gvrty , Of. E. t Revision of 
the Sponges and, Coelenterates ot the Lower Helderberg Group of New York. 14th Ann. Rept. N.Y. 
State Geol., 1894. — Tornquist , A., fiber mesozoische Stromatoporiden Sitzber. preuss. Akad. 
Wiss., 1901, vol. xlvii. — Yale, E., On a Mesozoic Stromatopora. Joum. Geol. Soc. Tokyo, 1903, 
voL x. — l)eninger> J5T., Einige neue Tabulaten und Hydrozoen aus niesozoischen Ablagerungen. 
Neues Jahrb. f. Mineral, i., 1906. — JRothjpletz, A., Tiber Algen und Hydrozoen lm Silur von 
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tlie above-named groups, but whose exact position in the zoological system 
remains as yet uncertain. During the Paleozoic era, to which they are con- 
fined, the Stromatoporoids were important geological agents, whole beds of 
limestone being often essentially constituted of their remains. In the Mesozoic 
era they are replaced by very closely allied forms of Hy dr actinia , which in all 
probability represent their immediate descendants. 

The Stromatoporoids secrete hemispherical, globular, nodular or hori- 
zontally expanded skeletons, which are sometimes encrusting, sometimes 
attached by a short basal peduncle, and are covered on the under side with 
concentrically wrinkled epitheca, while the apertures for the emission of the 
polyps are situated on the upper surface. The general tissue of the coenosteum 
is composed of numerous, concentric, undulating, calcareous layers or laminae , 
which are separated by narrower or wider interlaminar spaces, but are at the 
same time connected by numerous vertical rods (radial pillars). The pillars 
as well as the laminae are traversed, as a rule, by minute, irregularly directed 

canaliculi. In some 
genera the coenosteum 
is provided with verti- 
cal tabulate tubes, 
which most probably 
served for the recep- 
tion of the polyps, as 
in the genus Millepora ; 
but in many instances 
they are wanting. The 
surfaces of the laminae 
typically exhibit pores 
and small tubercles, 
and frequently also 
shallow stellate furrows 
(astrorhizae), which radiate outwards from numerous centres. Sometimes the 
laminae consist merely of a loose network of horizontal calcareous fibres. 

G-oldfuss at first held the Stromatoporoids occurring so profusely in the 
Eifel for corals (Millepora ) , and subsequently for sponge-like zoophytes \ while 
von loosen considered them as horny sponges that had become secondarily 
calcified. Sandberger and F. Roemer assigned them to the Bryozoans ; 
Dawson to the Foraminifera \ Sollas to the siliceous sponges (Hexactinellida) \ 
and Salter to the calcareous sponges, whose example Nicholson also followed. 
Lindstrom, Carter and Steinmann subsequently pointed out their relations 
to Eydradmia and Millepora \ and Nicholson and Murie came finally to 
regard them as a group of extinct Hydrozoans allied to Hydractinia on the 
one hand (Actinostromidae), and MUlepora on the other (Stromatoporidae 
and Idiostromidae). 

Jctinostroma Nich. (Fig. 189). Skeleton having vertical or radial pillars 
disposed at tolerably regular intervals, and extending continuously through all 
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Fig. ISP. 

Actino^troma mtertextmi Nich. Silurian (Wenlock) ; Shropshire. A, 
Tangential section showing radial pillars and reticulated structure of con- 
centric laminae. 1), Vertical section, showing formation of laminae from 
processes given off horizontally hy radial pillars, 1 % (after Nicholson). 


Gotland nnd Osel. K. Svensk. Vetensk. Akad. Handl., 1908, vol. xlii l—Gurich, Les Sponeio- 
stromides du Vise dansle Province de Namur. Mem. Mus. Roy. d’Hist. Nat. Belg., 1906 vol. iii. 

Neues Jahrb. f. Mineral., 1907, i .—Pctrona, C. F, La Fauna coralligena del Cretaeeo del 
Monti d Ocre nell Abruzzo Aquilano. Mem. Comm. Geol. Ital., 1909, vol. v.— Parte TV.* A The 
Stromatoporoids of the Guelph Formation in Ontario ; the Niagara ; the Silurian of America’* the 
Ordovician. Univ. of Toronto Studies, Nos. 4-7, 1907-1910. ! 


CLASS II 


STROilATOPOROIDEA 


123 


oi' at least a considerable number of laminae ; in vertical sections, accordingly, 
exhibiting a quadrate meshwork. The laminae consist of an anastomosing 
network of calcareous fibres, generally having a porous structure; their surfaces 
are covered with projecting granules or tubercles, which represent the free 
upper ends of the vertical pillars. Rare in the Silurian, but very abundant 

.1 L 



Fig. 190. 

Stromntoporc t tubermlata Nich. Devonian 
(Cormferous limestone) ; Jarvis, Ontario, 
Natural size (after Nicholson). 



Fig. 191. 

Counopnrn. plnrenta PhilL Devonian; Toiquay, 
Devonshire. A, Tangential section, natural size. 

B, The same, highly magnified ; r. Vertical “Cauno- 
pora tube " ; &, Canal partially cut into ; c, Calcare- 
ous fibres traversed by delicate ramifying canaliculi. 

C, Vertical section, highly magnified. 


in Devonian of the Eifel, England and North America. A . clathrutum Nich. 
( = Strom atopora concentrica p. p., G-oldf.). 

Clathrodidyon Nich. Like the preceding, but with radial pillars extending 
only between the upper and lower surfaces of successive laminae. Character- 
istic of Silurian ; rare in Devonian. 

Stromatopora Goldf. emend. Nich. (P achy stroma Nich. and Murie) (Eig. 190). 
Radial pillars uniting with the thick concentric strata or latilaminae to form a 
finely reticulated tissue, in which tabulate zooidal 
tubes are sparsely distributed. Plentiful in Devon- ^ 
ian ; less common in Silurian. 

Caunopora Lonsdale (Fig. 191), and Diapora c 
Bargat., are Stromatoporoids which are indis- 
tinguishable from other genera except by the 
presence of numerous definitely walled tubes pene- 
trating the coenosteum at closer or remoter in- 
tervals. The tubes are often thick- walled, are fig. 192. 

furnished with horizontal or funnel-shaped tabulae, ^mafosfro^asp.iud.Devoman; 
and occasionally with septal spines j in many cases cental lamma composed of two 
they evidently represent the corallites of Aulopora 

and Syringopora colonies, which have become en- pillar traversed by axial canal, 
veloped, but have continued to live commensally 

within the tissues of the Stromatoporoid. In other cases, however, the tubes 
appear to have been formed by true Stromatoporoid polyps. Devonian. 

Her mato stroma Nich. (Fig. 192). Massive or foliaceous skeletons, composed 
of thick parallel latilaminae, connected by vertical pillars ; pillars often running 
continuously through several concentric laminae. Both pillars and laminae 
exhibit a dark median line when viewed in cross-section, indicating either the 
presence of axial canals or composition out of two lamellae. Devonian. 
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Idiostroma Winch. Coenosteum cylindrical or fasciculate, traversed by 
axial, tabulate zooidal tubes, which give off secondary lateral tubes. General 
tissue reticulated, similar to Stromatopora. Devonian. 

Labechia E. and H. Ordovician and Silurian ; North America and Europe. 

Stylodictyon , Stromatoporella and Syringostroma Nich. ; Amphipora Schulze ; 
St achy odes Bar gat. Devonian of Europe and North America. 

A number of genera are described by Waagen and Wentzel from the 
Permo-Carboniferous rocks of Farther India, such as Carterina , Disjedopora , 
Circopora , etc. Probably in the same neighbourhood should be placed several 
peculiar encrusting marine forms from the Carboniferous of Belgium, described 
by Gurich under the names of Aphrostroma , Spongiostronia , Chondrosfroma, 
Malacostroma , etc. The first-named of these occurs also in the Silurian of 
Gotland, and was associated by Gurich with the Foraminif era. 


Order 4. CAMPANULARIAE Allman. 

(Lepfomedusae, CalyptoUastea Allman ; Thecaphora Hincks). 

Delicate , branching , plant-like, sessile colonies, with chitinous periderm enveloping 
the base, peduncle, and also the cup -like receptacles ( hydrothecae ) which enclose the 
individual polyps. The proliferous zooicls are developed within urn-shaped capsules 
(i gonothecae ) of comparatively large size, and sometimes become separated off as free- 
swimming velate Medusae. 

Recent Campanularians, such as are comprised by the families Sertularidae, 
Plumularidae and Campanularidae possess durable hard parts, but nevertheless 
their remains have not as yet been found in the fossil state, with the exception 
of a few forms from Pleistocene deposits. 


Rang© and Distribution of the Hydromedusa©. 

Of those members of this group in which the preservation of structural 
parts is at all possible, the Hydrocorallinae have been recognised with 
certainty as early as the Upper Cretaceous. During the Tertiary they 
became more widely distributed, and at the present day are important reef- 
builders. 

During the Upper Jura, and notably in Tithonian beds of the Mediter- 
ranean region, certain genera of the Hydractinidae ( Ellipsactinia , Sphaeractinia) 
are abundantly represented. Contrariwise, other Tubularians, such as the 
Triassic Heterastrulium, and Farkeria and Forosphaera from the Cretaceous of 
central Europe, occur only sparsely. 

The extinct organisms known as Stromatoporoids were extremely 
important rock-builders during the Paleozoic, much of the limestone of the 
Silurian and Devonian systems resulting from the destruction of the reefs 
built by these fossils. Their massive stocks sometimes attain gigantic size. 
Stromatoporoid remains are profusely distributed in Ordovician and Silurian 
rocks of North America, England and Russia, also in the Middle Devonian of 
the Eifel and Ardennes, and in equivalent strata of Nassau, Devonshire, the 
Urals, Spain, etc. Except for a few rare survivors, the group does not 
continue beyond the Paleozoic era. 
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Appendix to the Hydromedusae. 

Class or Subclass. GRAPTOLITOIDEA Lapworth . 1 

(Ilhabdojphora Allman.) 

Under the term of G-raptolitoidea are included organisms which have been 
considered by various authors as plant remains, horny sponges, Pennatulidae, 
Cephalopods and Bryozoans. Portlock, in 1843, first pointed out their 
analogy with the Sertularians and Plumularians ; and his inferences as to 
their genetic relationship were afterwards confirmed by the painstaking 
researches of Allman, Hall, Hopkinson, Lapworth, Nicholson, and others. 
More recently, however, their kinship has been denied by Neuinayr and 
Wiman, who, on account of the bilateral symmetry of the sicula and thecae, 
claim that Graptolites cannot be included within any of the now existing 
classes of organisms. 

Graptolites are generally found in an imperfect state of preservation, lying 
flattened in the same plane upon the slaty laminae in which they are embedded, 
and associated in large numbers. More rarely they occur in limestone, when 
the internal cavities are filled with calcareous matter, and the original form 
accurately preserved. Such specimens have been successfully etched out and 
investigated under the microscope by Holm and AViman. 

The general skeletal tissue {periderm) was obviously flexible, and composed of 

1 Literature : Hall , J>, Palaeontology ot New York, vols. i., in., 1S47, 1859.— Graptolites, of 
tlie Quebec Group. Canad. Organic Remains, dec. 11 . Geol. Surv. C'anad., 1885. — Introduction to 
the study of Graptolites. 20tli Ann. Rept. N.Y. State Cab. Nat. Hist., 1S6S. — Barra nde , J., Grapto- 
lites de Boheme. Prague, 1850 . — Bueva E„ tlber Lohmisehe Graptolithen. Haidmger\ Naturw. 
Abhandl., 1851, vol. iv . — Scha r enter g, TP., Ueber Graptolithen. Breslau, 1851. — Geimtz, H. B., 
Die Verstemer ungen der Grauwackeniormation m Sachsen. Leipzic, 1852. — Die Graptolithen des 
mineral. Museums in Dresden, 1890. — Richter , R., Thuringihche Graptolithen. Zeitsehr. Deutseh. 
Geol. Ges., vols. v., xvm., xxiii., 1853, ’66, *71. — Hicholsun, H. A., Monograi>h of the British 
Graptolitidae, 1S72 . — Lay worth, G,, Notes on the British Graptolites. Geol. Mag., \ols. x., xiii., 
1873, 76. Also various articles in Quart. Joura. Geol. Soe., 1875, 7S, *81, and Ann. Mag. Nat. 
Hist., 1879, ’SO. — On the Graptolites of County Down. Ann. Rep. Belfast Nat. Field Club, 1877, 
vol. l., pt. iv. — Tullberg, S. A., On Species of Didymograptus. Geol. F5r. Stockholm Forh., 1SS0, 
vol. v. — Spencer, J. IP., Graptolites of the Upper Siluiian System. Bull. Mus. Umv. Missouri, 1884. 
— Tornquist, S . L Observations on Graptolites. Acta Umv. Lund, 1890-92, vols. xxvii.-xxix. — 
Holm, G., Skaudmaviens Graptoliter. Svensk. Vetensk. Akad. Forh., 1881, vol. xxxviii — Gotland’s 
Graptoliter. Bihang Svensk. Vetensk. Akad. Haudl. 1890, vol. xvi. — Barrois , C., Memoire sur la 
distribution des graptolites en France. Annalea Soc. Geol. Nord, 1S92, vol. xx. — Wiman, C., Uber 
Monograptus mid Diplograptidae. Bull Geol. Inst. Upsala, 1S93, vol. i. (English translation in 
Journ. Geol., 1893, vol. u.). — Tornqvist, S. L., Observations on the Structure ot some Dipnonidae. 
Fisiogr. Sallsk. Handl., 1893, ’97, \ols iv., vni. — Researches into the Graptolites of the Seaman and 
Vestrogothian Phyllo-Tetragraptus Beds. Lunds Umv. Arsskrift, 1901, vol. xxvn. — Perner, J„ 
Etudes sur les graptolites de Boheme. Prague, 1894-99. — Holm, G., Om Didymograptus, Tetra- 
graptus och Phyllograptus Geol. For Forh., 1895, vol. xvii. No. 164. — Ruedemann , R., Synopsis ot 
the Mode of Growth and Development of the Genus Diplograptus. Amer. Journ. Sei. , 3), 1S95, vol. 
xlix. ; Also m Ann. Rept. N.Y. State Geol. 1894, and Amer. Nat., 1897, vol. xxxii. — Graptolites of 
New York, N.Y. State Museum. Memoirs vii. 1904. and xi., 1908. — Gurley, R. R .. North American 
Graptolites Journ. Geol., 1896, vol. iv. — Wiman, C„ Uber die Graptolithen. Bull. Geol. Inst. 
Upsala, 1895, vol. ii. ; also Nat. Sci., 1896, vol. ix., and Bull. Geol. Inst. Upsala, 1897, No. 6.1900, 
No. 10.— Biles, G. L., and Wood, E. J/. R., Monograph of British Graptolites, ed. by C. 
Lapworth. Palaeontogr. Soc., 1901 to date — Hall,T. S., Note on the Distribution of the Graptolithidae 
in the Rocks of Castlemaine. Rept. Austral. Assn. Adv. Sci., 1S94 ; also Proc Roy. Soe. Victoria 
1892, ’97, ’98, 5 99 ; Geol. Mag., 1899, vol. vi. — Roemcr, F. , and Freeh, F., Lethaea Palaeozoics, 1897, 

vol. i. Bossier, R. S., Dendroid Graptolites of the Niagarau Dolomites at Hamilton; Ontario. 

Bull. Smithson. Inst., No. 65, 1909.— Westergard, A. H, Studier ofver Dietyograptusskiifern. Med. 
fr. Lunds Geol. Fait Klub. Ser. B, No. 4, 1909. 
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smooth or finely striated chitine ; usually it has the form of a dense continuous 
membrane, but in the Eetiolitidae it is attenuated and supported by a latticed 
network of chitinous threads. It is usually preserved as a thin bitumino- 
carbonaceous film, which, however, is often infiltrated with pyrites, and is not 
infrequently replaced by a glistening greenish-white silicate (Glimbelite). 

The compound organism or rhabdosome (“ polypary ”) of the Graptolites is 
usually linear, more rarely petaloid in form, undivided or branching, and is 
either straight, bent, or in exceptional instances spirally enrolled. These 
rhabdosomes, each of which originates from a sicula (see below) may again be 
united into colonies of a higher order (synrhabdosome). Cup-shaped rhabdo- 
thecae, which are usually obliquely set and more or less overlapping, are borne 
on one or on both sides of the polypary, and are united by a common 
coenosarcal canal enclosed in the periderm. The polypary is in later forms 
strengthened by a peculiar chitinous axis ( virgula , solid axis), which in the 
Monograptidae runs in a groove lying outside the coenosark on the dorsal side 
of the organism (i.e. on the side opposite to the theciferous margin). But in 
the biserial Graptolites the virgula is either enclosed between the laminae of 
a central or sub-central septum, which is formed by the coalescence of the 
flattened dorsal walls (Diprionidae) ; or it is double and the two virgula (see 
text Fig. 209) are placed on opposite sides of the coenosark, and are united with 
the peridermal network (Eetiolitidae). 

Springing from the common canal, is a series of thecae (cellules, denticles ), which 
are disposed in longitudinal rows along either one (Fig. 193), two (Fig. 194) 
or four sides of the polypary. They usually have the form of elongated, 
cylindrical, rectangular or conical sacs; their walls are in most cases applied 
to those of their neighbours above and below, although occasionally they 
spring out quite isolated from one another. Each theca opens directly into 
the common canal, and is furnished distally with an external aperture, the 
form and size of which vary extremely in different species. In some forms it 
is circular or quadrate or introverted or introtorted ; in others it is contracted. 
Not infrequently the outer lip is ornamented with one or two slender spines, 
which often subdivide and inosculate with one another. The form of the 
thecae and apertures has been employed by Lapworth to define families and 
subfamilies. 

The polypary in most Graptolites is furnished at its proximal end with a 
minute, triangular or dagger-shaped, originally conical, body called the sicula 
(Fig. 195), which represents the original embryonic skeleton and is suspended' 
from an originally tubular filament, the nema or Tiemacaulus (Fig. 196). In the 
wall of the sicula is formed, in- the later Graptolites, an axis or rod, the 
mrgula , which extends through the rhabdosome. Rhabdothecae are then 
budded either uniserially along one side, or in alternate sequence along both of 
the lateral margins of the sicula, originating from one theca near the major end 
of the sicula. They grow either laterally away from the sicula (Axonolipa) or 
along the nemacaulus (Axonophora). The sicula itself ceases to grow, as a 
rule, after the first thecae are budded, and sometimes it becomes obsolete or 
absorbed. Sometimes the rhabdosome remains undivided, sometimes it forms 
branches, which may diverge at various angles ; in other cases two or four 
uniserial poly paries may be placed back to back with their dorsal walls 
coalescing, thus giving rise to di- or tetra-serial colonies. In the latter types 
bhe coenosarc is commonly divided by one or two median septa. 
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Graptolites commonly occur m argillaceous schists, more rarely in limestone 
formations, of the Upper Cambrian, Ordovician and Silurian systems. They 
seem to have swarmed in the muddier portions of the sea, and floated eithei 
attached to sea-weeds, etc , or as free-swimming colonies ; or, in rarer instances, 
remained stationary with the sicula or a root embedded in the mud, or attached 
to foreign bodies. They are divided into two orders : DemlmJui Nicholson 
(CHadophora Hopkinson), and Graptoloidea Lapworth, or Graptolites proper. The 

-I D 



Fig. 1Q3. 

C\ Monograptu <? priodon 
(Broun). Silurian (Etage E); 
Prague. A, Rhabdosoma, 
natiual size. B, Longitudinal 
section, enlarged. Dorsal 
aspect, enlarged. 1), Mono- 
graptns boJiemivus Barr. Same 
locality, a, Virgula ; c, Com- 
mon canal ; th, Thecae ; x, 
External aperture (after 
Barrande). 



Fig. 104. 

/t, c, ChmaeoijMtptus typical is 
Hall Ordovician (Tienton 
limestone); Cincinnati, Ohio. 
a, Vertical section, enlarged, 
showing cential virgula; b, 
Individual of the natural size ; 
c, Cross-section, enlaiged ; r7, e, 
Diplngmptus yalmeus Barr. 
Silurian ; Prague. Rhabdo- 
soma of the natural size and 
several times enlarged (aftei 
Barrande) ; f, Dtplogiaptus 
foltticeu* March. Oidovician 
(Llandeilo Group); Scotland, 
natuial size (after Lapworth). 
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Fig 103 


a, M<ino<baptn > yttaar'^ Lapw. Sil- 
urian ; Dobbs, Lmn, Scotland. Pio\imal 
end showing sicula, enlarged; l, In tip - 
ni'"li‘optn s jikiiwt*d y v- Hall. Oidovician 
(Quebec Gioux>>: Point Levis, Canada. 
Proximal end showing sicula, enlaiged 
(aitei Lapw 01 th). 





Fig. I* id. 

Dictyoneina eaicinowvi Wmaan. Or- 
doMcian; Gotland. Proximal end ot 
rliabdosome with adhesion disk (x), laige 
uouiishing individual (r), and small 
budding individual or gonangium fo). 
3/ r (after Wiman). 


latter are again divided into two suborders ; Axonoliya Freeh, redefined by 
Ruedemann, without axis or virgula ; and Axonojphora Freeh, limited by 
Ruedemann, with an axis. 


Order 1. DENDROIDEA Nicholson. 

Family. Dendrograptidae Roemer. 

This family, which includes all dendroid forms, is represented during the 
older Paleozoic by the genera Dendrogrwptus, Dictyonema , Desmogwytus, Ctillo - 
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r/raptits and Ptiloyrapius. Their polyparies are finely branching and plant-like 
in apjDearance, sometimes furnished with a strong foot-stalk, in other cases 
terminating acutely at the base. The original substance was undoubtedly 
chitinous. In well-preserved specimens are seen on one or occasionally on 
both sides of the branchlets numerous small cellules or thecae, in which 
evidently the zooids were seated. These thecae have been shown by Wiman 
to be of threefold character, some of them having lodged nourishing, others 
budding and others sexual individuals or gonangia. Very often the branches 
of the dendroid rhabdosome are united by numerous delicate processes or 
dissepiments . 

Dendrograptus Hall. Rhabdosome consisting of a strong main stem and a 
broad, spreading, shrublike, variously ramifying frond. Thecae commonly 


a u 



Fio. 197. 

Dictyonema flalwlhforme (Eichw.) Upper Cambrian; Rensselaer County, N.Y. A, Sicula with very long 
nema, x tyj J3, Mature lhabdosome with adhesion stem, x Vi (after Ruedemann) 


obscure, but sometimes distinct and angular, or they may occur as round or 
elliptic pits or pustules. Cambrian to Silurian. 

Ptilograptus Hall. Rhabdosome with branches giving off branchlets 
alternately on opposite sides, the general habit being suggestive of Recent 
hydrozoans. Ordovician and Silurian ; eastern North America. 

Dietyonema Hall ( Didyograptus Hopkinson) (Figs. 196, 197). Rhabdosomes 
forming funnel or fan-shaped fronds, composed of numerous bifurcating 
branches arising from an acute base, and united at intervals by fine dissepi- 
ments. Thecae with complicated appendages, their branches supporting three 
kinds of individuals, nourishing, budding and sexual. Cambrian to Car- 
boniferous ; especially abundant in Ordovician of Norway, but usually com- 
pressed into a basket-like network. 

Desmogruptus Hopkin. Differs from the preceding in the flexuous char- 
acter of the branches, which coalesce at intervals ; dissepiments chiefly in 
lower part of the frond. Ordovician to Devonian; Europe and North 
America. 
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Order 2. (ARAPTOLOIDEA Lapwortb. 

Suborder A. AXONOLIPA Freeh (emend. Ruedemaiin). 

Family 1. Dichograptidae Lapworth. 

Uniserial Gmptolitoidea with bilateral rhabdosome , hanrlms dmhdnuwvs , thecae 
simple , sab-cylindrical . 

Dichograptus Salter (Fig. 198). Rhabdosome consisting of eight simple 


// I 

jf/ I 

r P I 


IftuWiupU'' ?>i ‘>o, Hall. 

Oidovician : Point Levs, Canada 
(aftei Hall) 




DuhinHuifiiit"'' i* lawful >is Hall. 
Ordoucian; Point Levi&, Canada 
(after Hall . 





Dichograptus octobvachiatiis HalL Ordovician (Quebec 
Group) ; Point L6vis, Canada (after Hall). 


Ipp^l 
|§ T ^ 
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Pig. 201. Fig. 202. 

Dill umograji- Phyllognipms typus HalL 
tvs murchi'-oni Ordovician (Quebec Group); 
(Beck). Middle Point Levis, Canada a, Several 
Ordovician polypanes of the natural size ; 
(L landeilo 5, Ideal cross-section, enlarged 
Group); ‘Wales, (after Hall). 


uniserial branches which are produced by repeated dichotomy, and their bases 
often enveloped in a central corneous disk. Ordovician. 

Tetragraptus Salter (Fig. 199). Rhabdosome consisting of four uniserial 
branches which are produced by twice repeated dichotomous division. 

Ordovician. v , _ . . - 

Didymograptus M‘Coy (Figs. 195, b- 200: 201). Rhabdosome consisting of 
two symmetrical branches diverging from a small primary cell (sicula) at 
various angles. Thecae obliquely directed, having the form of flattened 
rectangular prisms, and in contact with one another throughout. Ordovician. 
PJiyllograptus Hall (Fig. 202). Rhabdosome leaf-like, composed of four 
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uniserial rows of prismatic thecae coalescing along the whole length of their 
dorsal margins; the entire structure resembling Tetragraptus with the four 
branches grown together, each two back to back and forming a cross in 
transverse section. Ordovician. 


Family 2. 


Leptograptidae Lapworth. 


Uniserial , flexuous , bilateral rhabdosomes, with simple or compound lateral 
branches ; thecae with a slightly sigmoid curvature , 



Pig. 203. 


apertures inclined, somewhat introverted . 

Leptograptus Lapworth. Rhabdosome consist- 
ing of two long, filiform, bilaterally symmetrical 
branches. Ordovician. 

Nemagraptus Emmons ( Coenograptus Hall) (Fig. 
203). Two primary branches originating from the 
centre of a triangular sicula, more or less flexed, 


Cocnugraptub gracilis Hail. Ordo- and giving off simple branches from the convex 
gcian; Point L6ms, Canada (after at approximately regular intervals. Ordovician. 


Family 3. Dicellograptidae Lapworth. 

Uniserial or uni-biserial Graptoloidea. Thecae tubular , with conspicuous 
sigmoid ventral curvature . Apertures situated in excavations and frequently intro- 
verted and introtorted . 


Dicellograptus Hopk. Rhabdosome bilaterally symmetrical, 
two uniserial branches diverging from the sicula at angles ex- 
ceeding 180 degrees. Ordovician. 

Dicranograptvs Hall (Fig. 204). Rhabdosome Y-shaped, com- 
posed of two symmetrically developed branches which are 
coalescent in the proximal and free in the distal portion of 
their length. Ordovician. 

Suborder B. AXONOPHORA Freeh (emend. Ruedemann). 

Family 1 . Diplograptidae Lapworth. 

Biserial Graptolitoidea with rectilinear rhabdosomes . 



Climacograptus Hall (Fig. 205, a, c). Rhabdosome bilaterally rams 1001 Xu 


symmetrical. Thecae tubular, ventral walls sigmoidally curved, (Hudson 
apertural margin horizontal, situated within a well-defined ex- New York (after 
cavation. Ordovician and Silurian. 


Diplograptus M e Coy (Figs. 205, df\ 206). Rhabdosome bilaterally sym- 
metrical, rectangular, concavo-convex or tabular in section. Thecae mostly 
sub-prismatic, ventral walls inclined and straight. Subgenera: Orthograptus 
and Glyptograptus Lapworth; Mesograptns Elies and Wood; Petalograptus 
Suess ; Cephalograptus Hopkinson. Ordovician and Silurian. 


Family 2. G-lossograptidae Lapworth. 

Biserial Graptoloidea with straight rhabdosomes , test attenuated , with framework 
of strengthening fibres . Thecae of Diplograptid type, provided with spurs and other 
processes which often form an external lacework 

n lossograptus Emmons (Figs. 207, 208). Rhabdosome having lingulate 
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outline and rounded extremities 3 ornamented with u\o rows of isolated spurs; 



Fig. 205. 


n, r, Climacograptus typicalis Hall. Oidovician (Tien- 
ton limestone) ; Cincinnati, Ohio ; a. Vertical .section, 
showing common axis m the centre, enlarged ; b , Pnlj - 
pary of the natural size; <*, Cross-section, enlarged 
d, e, Diployraptub palmeus Barr. Silurian ; Prague , d, 
Polypary of the natural size ; c, Polypaiy enlarged. 
/, Diploymptits foliacens Much. Silunan (Llandeilo 
Group) ; Scotland. Natural size. 



Fn,. 20t •. 

DtphiqiVpf'i* bduo't HalLUtica shale (Oidoucian), 
Dolgenlle, New York. Symha' , HJu*oine showing 
central tugans and pnmarj disk with funiculus 
( f), to which the rliabdosomes (•*) are attached by a 
slender nemacaulus Gonangia (m) with young 
siculae (*) are also present. \ 2\ (at ter Ruedcinann). 



Fig. 207. 

Glossograptus quadrimucronatus Hall var. npproiinmtiib 
Rued. Utica shale (Ordovician); Dolgeville, New York 
Synrhabdosome. x Vi (after Ruedemaun). 



Fig. 20S. 

tflosbograptus q»adnniutroncdus (Hall) 
\ar. appnu imatns Rued. Utica shale 
(Ordovician) ; Dolgei llle, New York. 
Young synrhabdosome showing central 
disk and siculae. x 5 i (after Ruedemann) 


each theca with two long spines. Ordovician. Betiograptus Hall ; Lasiograptus 
Lapworth. Ordovician. 
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' Family 3. Retiolitidae Lainvorth. 

Biserial Graptolitoidea with straight rhabdosomes , the latter characterised by a 
network of delicate chitinous tracery [reticula) which forms the outward covering of 
the walls of the thecae . 

Betiolites Barr. (Fig. 209). Rhabdosome with periderm attenuated and 
supported on a meshwork of fibres. Thecae arranged biserially, their apertures 
a 2? opening outward. Two virgulae attached to 

opposite sides, in the median plane. Ordovician 
and Silurian. Subgenera : Gladiograptus Hop- 
kinson and Lapworth ; Gothograptus Freeh, 

Family 4. Dimorphograptidae Lapworth. 

Uni-biserial Graptolitoidea , in which the proximal 
• portion is uniserial , bearing thecae of the general 
Monograptus type ; the distal portion is biserial with 
thecae of the Diplograptid type. 

Dimorphograptus Lapworth. Silurian. 

Family 5. Monograptidae Lapworth. 

Uniserial Graptolitoidea , with simple or compound , 
straight or convex rhabdosome and thecae of varied 
form. 

Monograptus Geinitz ( Monoprion Barrande ; 
Pomatograptus and Pristiograptus Jaekel) (Figs. 
193, 210). Rhabdosomes with only a single 
row of thecae, which are in contact, usually 
out by acid, zigzag-shaped virguia; overlapping, their apertures entire or contracted, 
cZX! often directed downward. Form of the rhab- 
connecting the virgulae ; o, Apertures dosome may be straight, curved or sometimes 
aice, io -4 spirally coiled. Silurian and Devonian. 

Bastrites Barr. (Fig. 211). Rhabdosome simple, spirally coiled; common 
canal very narrow; distal parts of thecae more or less linear and widely 
separated from one another. Silurian. The zonal distribution of species in 
Thuringia and Saxony has been worked out in detail by Eisel. 

Cyrtograptus Carruthers. Variously branching Monograptidae. Silurian. 

Range and Distribution of Graptolites. 

Graptolites are excellent index fossils of the older Paleozoic rocks, owing 
to their limited vertical range, and wide geographical distribution. The 
simpler forms, such as are derived by a succession of budding from a primary 
sicula ( Axonolipa ), are especially characteristic of the uppermost Cambrian 
and lower half of the Ordovician rocks. The group as a whole becomes extinct 
at the close of the Silurian, except for a few stragglers in the Devonian and 
Carboniferous. The occurrence of these organisms in rocks of the same age 
in all parts of the world is explained by the fact that while some forms were 



Fig. 209. 


Hetiolites geinitzianus Barr. Silurian. 
Specimen from siliceous schists of 
Feuguerolles, Calvados ; natural size. 
B, C', Polyparies from Motala, Sweden. 
-S, Cross-section. C, Lower end, en- 
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probably attached to seaweeds, as often in modern hvdroids, others were free- 
floating or planktonic creatures. 

Remains of Graptolites are profusely distributed in the siliceous schists 
and alum slates of the Fichtelgebirge, Thuringia, Saxon v and Bohemia. 
They are plentiful also in the Harz, in Poland, Silesia, the ‘'Baltic Provinces 
and the Ural district; and again in Scandinavia, Cumberland, Wales, the 
north of England, Scotland and Ireland, as well as in Normandv, Brittanv, 
Spain, Portugal, Sardinia and Carintkia. In America thev are found ex- 
quisitely preserved in Newfoundland, 
Canada, New York, Virginia, Alabama, 
Ohio, Wisconsin, Iowa and Arkansas. They 


Fia. 210. 

a. Monographs nilssnm Barr. Silurian (Alum 
Schists) ; Gmfenwerth, nearSehleitz, Germany; 
h, Mon oq rapt us colonus Barr. Silurian; Eliots- 
iield, Scotland, showing sicula (after Lap- 
woith); c, Monoguiptus turriculatus Barr Sil- 
urian ; Prague (after Barrande). All figures Rrstntcs Hnnaei Barr. Silurian; Zekko- 

liatural size. wit*, near Prague (after Barrande). 

are known also in South America (Bolivia), and . Australia, and are not un- 
common in the drift which covers the plains of Northern Germany. 

According to Lapworth, Graptolites are distributed vertically throughout 
six different horizons ; the first of these coincides with the Upper Cambrian, 
the three following with the Ordovician, and the two uppermost with the 
Silurian. The Monoprionidae are especially characteristic of the two Silurian 
horizons. 

[The discussion of the group Graptolitoidca in the present vork has been revised by Dr. 
Rudolf Ruedemann, of the New York State Geological Survey, at Albany, New York. — 
Editor.] 

Subclass 2. ACALEPHAE Cuvier. Seyphomedusae. 1 

( Discophora Huxley). 

Free-swimming , discoidal or lell-shaped Medusae , with downwardly directed mouth , 
with g astro-vascular pouches and numerous radial canals , and having , as a rule y the 
margin of the imhrella lohed . Cambrian to Recent. 

The Acalephs or Lobed Jelly-fishes, though frequently of considerable 
size, are entirely without hard parts, and therefore are unfitted for preservation 

1 Literature : Hnsdey , T., Memoir on the Anatomy and Affinities of the Medusae. Phil. Trans., 
1849. — Kner , R., Ueher eine Meduse in Feuerstein. Sitzungsber. Akad. Wiss. Wien, 1S65, vol. Hi.— — 
Uaeckd, B., Ueber fossile Medusen. Zeitschr. fur wissenschaft. Zool., 1865 and 1870, vols. xv., xvii. 
Neues Jahrb. fiir Mineral., 1866. Jenaische Zeitschr., 1874, vol. viii. System der Medusen, i. and 
ii., Jena, 1880-81.— Nathorst, A. G., Om Aftryek af Medusor, etc. K. Svenska Vetensk. Akad. 
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in tlie fossil state. Nevertheless, under exceptionally favourable conditions, 
as, for instance, in the Upper Jurassic Lithographic Stone of Bavaria, and in 
the Middle Cambrian shales of British Columbia, impressions of these delicate 
organisms are sometimes preserved, which admit of precise determination. 

The best preserved and at the same time the most abundant species is 
Rhizostomites achnirandns Haeckel, belonging to the Acraspedote family of 
Rhizostomidae (Fig. 212). Impressions also occur in flinty concretions of the 
Upper Cretaceous, which are most nearly referable to the Medusae. Of a 
more questionable nature are the organisms occurring in the Cambrian 
sandstone of Lugnaes, Sweden, described by Thorrell under the name of 



Fig. 212. 

lih bottom ites adiiuramlus Haeck. Lithographic stone ; Eichstadt, Bavaria. 1/7 natural size. 
(Missing parts restored m outline ) 


Spatango'psis , but assigned by Nathorst to the Acalephs. In the same strata 
also are found those peculiar fucoidal structures known as Eophyton , which are 
commonly supposed to be of vegetable origin. Nathorst has brought forward 
evidence, however, to show that these may really have been produced by the 
trails of Jelly-fishes. Here also should be noticed the forms described by 
Nathorst as Medusites , from the Lower Cambrian of Sweden, and regarded by 
this author as casts of the gastric cavity of Jelly-fishes. 

In 1898 a valuable monograph on fossil Medusae was contributed by 
Walcott, and in 1911 our knowledge of these organisms was increased in 
important respects by the same author, as a result of his studies of remarkably 
well-preserved specimens from the Cambrian of British Columbia. 


Handl., 1881, vol. xix. — Ammon, L. v. t Ueber jurassische Medusen. Abhandl. Bay. Akad. 1883, 
vol. xvii. — Brandt, A., Ueber fosaUe Medusen. Mem. Acad. Imp. St-P6tersb., 1871, 7th ser., 
vol. xvi. — Pohlig , Jff., Altpermische Medusen. Festschrift zum 70ten Geburtstage R. Leuckarts, 
1892. — Walcott , G. D., Fossil Medusae. U. S. Geol. Surv. Monogr., xxx., 1898. — Idem, Middle 
Cambrian Holothurians and Medusae. Smithson. Misc. Coll., 1911, vol. lix. No. 3. — Mayer , 
A. (?., The Medusae of the World, i.-iii. Carnegie Inst. Wash., Pub. No. 119, 1911. 



Phylum III. VERMES. Worms . 1 

Bilaterally symmetrical animals loith nnsegmented or uniformly segmented , and 
usually elongated bodies having a distinct body cavity. Segmented lateral appendages 
wanting . A dermal muscular system and paired exaet*>ni 

canals (water -vascular system) present. " 

Of all the larger divisions of the animal kingdom, none 
is so poorly adapted for preservation in the fossil state as 
the Worms, whose bodies are as a rule entirely destitute 
of hard parts. 

All Worms are bilaterally symmetrical, and dorsal and 
ventral surfaces are clearly differentiated. The unsegmented 
Worms (Vermes proper) have either flat or cylindrical bodies, 
and are accordingly distinguished as Platvhelminthes or 
Flat Worms, and Nemathelminthes or Round Worms. But 
with the exception of the Cambrian genus Amishwia (Fig. 

213), supposed to be allied to the Recent Sagitta , and a few 
rare parasitic forms discovered in Carboniferous insects, or 
in Tertiary insects enclosed in amber, neither of these classes Fig. 21 s. 

is represented in the fossil state. Ami >1 ClCUl Milltti- 

The segmented Worms, or Annelida , are characterised diycar^rian?British 
by a division of the body into metameres, which, although Columbia, Attend 
primitively alike, do not always remain homonomous. Walcott).’ 

They have a brain, a circumoesophageal ring, a ventral chain 

of ganglia, and a vascular system. The body is more or less elongated, and 

1 Literature : Pander, C. E., Monographic tier fossilen Fisehe des silnrischen Systems des 
russisch-baltischen Gouvernements, 1851. — Ehlers, E., Die Borstenwurmer (Annelida Chaetopoda). 
Leipzic, 1864-68. — Idem, fiber fossile Wurmer aus deni lithographischen Sclnefer in Bayern. 
Palaeontogr. , 1868, vol. xvii. — Claparede, E., Recherches sur la structure des Annelnies sedentaixes, 
1873. — Newberry, J. S., Palaeontology of Ohio, vol. ii. part 2, 1875. — Einde, G. J., On Conodonts 
from the Chazy and Cincinnati Groups ; and on Annelid Jaws from the Cambro-Silurian, Silurian, 
and Devonian Formations in Canada, and from the Lower Carboniferous in Scotland. Quar. Journ. 
Geol. Soc., 1879, vol. xxxv. — Ulrich , E. 0., Journ. Cincinnati Soc. Nat. Hist., 1879, vol. i. — 
Einde , G. J., On Annelid Jaws from the Wenlock and Ludlow Formations of the West of 
England. Quar. Journ. Geol. Soc., 18S0, vol. xxxvi. — Etheridge, U.,jun., British Carboniferous 
Tubicolar Annelida. Geol. Mag., 1880, vol. vii. — Nathorst, A. G., On the Tracks of some 
Invertebrate Animals and their Palaeontological Significance. K. Svensk. Vetensk. Akad. Handl., 
1881-86, vols. xviii., xxi. — Einde, G. J., On Annelid Remains from the Silurian Strata of the Isle of 
Gotland. Bihang till K. Svensk. Vetensk. Akad. Handl., 1882, vol. vii. — Zittel, K. A., and 
JRohon , J. V., Ueber Conodonten. Sitzber. Bay. Akad. "Wiss., 1886, vol. xvi. — Clarke , J. M., 
Annelid Teeth from the Lower Portion of the Hamilton Group, New York. Sixth Annual Report, 
N. Y. State Geologist, 1886. — Eovereto, G Studi monografici sugli Annelidi fossili. Palaeont. Ital., 
1904, vol. x. — Walcott , C. D., Middle Cambrian Annelids. Smithson. Misc. Coll., 1911, vol. lvii.No. 5. 
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sometimes flattened, sometimes cylindrical. According as the internal 
segments correspond exactly with the external, or as each internal segment 
corresponds to a definite number (3, 4 or 5) of the external rings, two 
classes, Chaetopoda and Hirudinea, are distinguished. A further difference is 
to be noticed in the locomotive organs, the Chaetopoda having bristle-bearing, 
un jointed appendages (par apod hi) on each ring of the body ; and the Hirudinea 
having a terminal sucker. The latter group includes only the Leeches, which 
are not known with certainty in the fossil state. Fossil representatives of the 
third class, the Gephyrea, Annelids with the body devoid of any appearance 
of segmentation in the adult condition, are known ; but of the fourth and last 
class Ar chian nelida, the most primitive of all living Annelids, no fossil remains 
have been found. 

Class 1. CHAETOPODA. (Earthworms, Annelids, etc.) 

It is only with the subclass of marine worms (Polychaeta) that the 
paleontologist is concerned since the earthworms and their allies (Oligochaeta) 
are wholly unknown as fossils. The marine Chaetopoda are divisible into 
three orders, the Miskoa, the Tubicola or Sedentary Worms, and the Nereid 
or Errant Annelids. 


Order 1. MISKOA Walcott. 

Polychaeta until similar segments andparapodia throughout the length of the body ; 
retractile proboscis ; straight enteric canal . Body not distinctly specialised into 
sections . 

This order is founded upon a remarkable series of Annelids discovered by 





Fig. 214. 

Wiwaxm cornirjata Walcott. Middle 
Cambrian ; British Columbia. Crushed 
specimen showing displaced spines and 
scales, x Vi (after Walcott). 


Figs. 215 and 216. 

Cambrian Polychaeta from British Columbia (after 
Walcott). Camilla sptno&a and Aysheaia pcduncidata 
Walcott, both x 


Walcott in the Middle Cambrian of British Columbia and described by him in 
1911. The order is represented by four families, namely Miskoidae and 
Aysheaidae, with the genera Miskoia and Aysheaia respectively ,* Canadidae 
including Canadia and SelkirJcia; and the Wiwaxidae with the three genera 
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JViwcizia , Pollingeria and Worthenella. Typical examples of these Annelids are 
shown in Figs. 214-16. Protoscolex and Eotmplwnia Ulrich, from the Eden 



Fig. 21 X. 

Gephyrean Annelid, Pilaia rfracilens Walcott. Middle Cambrian , British Columbia, x - 'i (fron Walcott). 


shale of the Ohio Valley, are probably Ordovician representatives of this 
order. 


Order 2. TUBICOLA. (Sedentaria.) 

Polychcietous Annelids icith indistinctly separated head , and short , usually non- 
protrusihle proboscis , without jaws. Parapodia short , and never used for swimming. 
Inhabiting more or less firm tubes , which they construct , and subsisting upon vegetable 
matter. 

The Tubicolous Annelids invest themselves with a protective tube of more 
or less irregular form, to which they are not organically attached, and within 
which they can move freely. Sometimes the tubes are free, but more com- 
monly they are attached to foreign objects, either by the apex or by one side, 
and may occur either singly or in clusters. The tubes frequently consist of 
concentric layers of lime- carbonate, with vesicular cavities between the 
lamellae, or the latter may be traversed by fine tubuli. In other cases the 
tubes are composed of agglutinated grains of sand and other foreign particles ; 
or they may be membranaceous or leathery. The materials for constructing 
the tubes are procured by the tentacles or branchial filaments of the head, 
and are cemented together by a glutinous secretion from large glands. Fossil 
worm-tubes are by no means of infrequent occurrence, and are known from 
the Ordovician onwards. Only a few of the more common examples can be 
mentioned here. 

Serpula Linn. (Fig, 218). Under this head are included the majority of 
fossil Tubicolous Annelids. They build firm, irregularly contorted, sometimes 
spirally enrolled, free or adherent calcareous tubes, which are frequently 
clustered together in large numbers. Beginning in the Silurian, they are 
sparsely represented in the Paleozoic era ; but from the J ura onward, numer- 
ous forms occur, the usual condition being attached upon other fossils. 
Notably in the Lower Cretaceous their gregarious masses form beds of con- 
siderable thickness (Serpulitenkalk of Brunswick, and Serpulitensand of 
Bannewitz, near Dresden). S . spirulaea Lam. (Fig. 218, H) is an abundant 
and characteristic Eocene species. Recent Serptflas have a world - wide 
distribution. 
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Terebelht Cuv. (Fig. 218, I). Cylindrical, elongate, more or less bent 



Fnj. 2] 8. 

- 1 , Serpiila hmax Goldf. Middle Juia; Franconia, if, (\ 8 . gui'dialiu Sclilolh Upper Cretaceous: Banno- 
witz, near Dresden. D, S. oonvohita , Goldf. Middle Jura; Stuilen, Wurtemberg. E, iS. aonalis Goldf. Middle 
Jura ; Lahr, Baden. F, Same, enlarged. G, S. septcmulmta Reich. Upper Cretaceous ; Bannewitz. II, IS. 
( Rntulnna Defr.) ydmlaea Lam. Eocene ; Monte Benci, near Vicenza. I, Tcrebrlla lapilloideH Munstei Upper 
Jura; Sti eltberg, Franconia 


tubes, composed of cemented grains of sand, fish-debris, or other adventitious 

particles. Lias to Eecent. 

Spirorbis Daudin (Microconcfms Murch.) 
(Fig. 219). Minute, snail-like or spirally 
enrolled calcareous tubes, cemented by the 
flattened under side. The spiral may be 
either dextral or sinistral, and is usually 
ornamented externally with concentric striae 
or annulations, sometimes with tubercles or 
spines. Abundant in the Paleozoic forma- 
tions from the Ordovician onward, and also 
at the present day ; somewhat less common 
in the Mesozoic and Cenozoic eras. Eecent 
species usually adherent on seaweeds. 



Tubes 


Fig. 210. 

Sjpirorbis amphalodes (Goldfuss). 
seated upon a Brachiopod shell (Schuchertella 
umbraculum). Devonian ; Gerolstem, Eifel 

The following genera are 

regarded as Annelids, but their systematic position is doubtful : 


commonly 
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Serpulites Murch. Very long, smooth, compressed, and somewhat bent 
calcareous tubes, the layers admixed with organic substance. Ordovician and 
Silurian. 

Cornulites SchlotL Thick-walled, trumpet-shaped tubes, Serpula-like at the 
lower end, and sometimes attaining a length of three or four inches. Exterior 
annulated, and covered with very fine longitudinal striae. Some authors 
regard the tubes as Pteropod shells. Ordovician to Devonian. 

Ortonia Nich. Small, conical, slightly flexuous, thick-walled calcareous 
tubes, cemented by the whole of one surface to some foreign bodv. Sides of 
the tube ringed with imbricating annulations, the free upper surface apparently 
cellular in structure. Ordovician to Carboni- 


ferous. 

Conchicolites Nich. Conical, slightly bent, 
thin-walled tubes, growing together in clusters, 
and attached by the small lower ends to 
orthoceratite or Brachiopod shells. Tubes 
made up of numerous short rings, each of 
which partially overlaps the subjacent one. 
Ordovician. 

The peculiar group Myzostomiclae , which 
are external parasites on Recent Crinoids, are 
thought to be related to the Chaetopoda. 
GrafF has shown that they also infested the 
column segments of Jurassic Crinoids. 

Order 3. ERRANTIA. (Nereidae). 

Free- swimming, predaceous Polychaeta , with 
well-marked head. Proboscis capable of protrusion, 
and armed with papillae or powerful jaws. Para- 
po^ia much more developed than in the Tubicola, 
bejet with setae , and serving for locomotion . 

Undoubted remains of Errant Worms have 
long been known from the Lithographic Stone 
(Upper Jura) of Bavaria, and include the 
trails, calcified jaws and excrements of num- 
erous species. The principal genus from this 
horizon is Eunicites Ehlers ( Geophilus Germar) 
(Fig. 220), perfect impressions of which are 
also found in the Upper Eocene limestone of 
Monte Bolca, Italy. Archarenicola Horwood 



Fx<-. 220. 


is known from the English Ehaetic. Lithograph 

Under the designation of Lumbricaria stone; EicLsta.lt, Bavana. Natural .size. 

Munster (Lumbricites Schlotheim) (Fig. 221) 

are included a variety of obscure remains from the Lithographic Stone, 
which may be best regarded as the excrements of Annelids. They occur 
as irregularly contorted bands or strings, sometimes in the form of very 


long labyrinthi c coils. 

Of peculia^interest are the minute detached jaws and denticulated plates 
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described by Hinde in the Ordovician, Silurian, Devonian and Carboniferous 
rocks of the United States, Canada, Great Britain and Sweden (Island of Got- 
land). These are very small, black, highly lustrous bodies, extremely variable 



Fig. 221. 

Lumbricana colon Munst. Lithographic Stone ; Solen- 
hofen, Bavaria. Natural size. 


Canada. They are usually translucent, 


m form (Fig. 222), and mainly 
composed of chitinous material 
which is unaffected by acid. They 
exhibit a striking resemblance to 
the jaws of recent Annelids, and 
probably represent a large number 
of genera. 

Of less certain derivation are 
the microscopic teeth first described 
by Pander under the name of 
“Conodonts” (Fig. 223), which 
occur detached in the Cambrian 
(Blue Clay underlying the Ungulite 
Grit) of St. Petersburg, and are 
also very abundant in beds of 
Ordovician, Silurian and Car- 
boniferous age in Russia, Great 
Britain, the United States and 
trous or corneous, and are composed 


A BCD 



Fig. 222. 


Paleozoic Annelid-jaws. A, Lumbriconercites basalts Hmde. Silurian ; Dundas, Ontario. W/j. JS, Oman tic* 
rust mt us Hmde. Toronto. 13 fa. C, Burnettes mrums Gnnnell. Toronto. *>/i. D, Arabella es scutcllunu 
Hinde. Ordovician; Toronto. 


of carbonate and phosphate of lime. They exhibit very great variety in form. 
By Pander and others these fossils have been regarded as fish-teeth. Zittel 

/T |, 

Fig 223. 

Conodonts, greatly enlarged. .4, B, Paltodus trunmtus Pander (after Pander). C , Prion lodns elrgans Pander. 
Cambrian ; St Petersburg. D, Polygnathus ihtbius Hinde. Devonian ; North Evans, New York. 20 h. 



and Rohon, however, consider that they are Annelid jaws, but their true 
position cannot yet be said to have been positively determined. 
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Class 2. GEPHYREA. 

Marine Annelida without porapodia and typically devoid of any trace of 
segmentation in the adult condition. 

The Cambrian genera referred to this class by Walcott differ in certain 
respects from the Recent members, but with our available information the 
position here assigned them 
seems most advisable. Two 
families, (1) Ottoidae, with the 
genera Ottoia and Banjtfia, and 
(2) Pikaidae, including Pikaia 
(Fig. 217) and Oesia> all from 
the Middle Cambrian of British 
Columbia, are iecognised. 

A quantity of supposed 
worm -borings, trails, impres- 
sions and other obscure remains 
have been described from the 
older Paleozoic formations. 

The burrows have the form 
of straight or tortuous tunnels, 
and are sometimes hollow, 
but more commonly have been 
filled up by solid matrix. Various names have been applied to them, 
such as Scolithus, Arenicola , Eistioderma , Planolites , Diplocraterion , S-pirocolcx , 
Scolecoclerma etc., but they are obviously incapable of precise determination. 
Arthrophycus Hall, originally described as a plant, Daedalus (including Vcxillum 

Roualt) and Taonurus Fisher- 
Ooster ( Spirophyton Hall), have 
in recent years been interpreted 
as worm burrows. 

Similarly, the serpentine or 
vermiform impressions known as 
Nereites , consisting usually of a 
number of windings, and often of 
profuse occurrence in various 
Paleozoic formations, were until 
quite recently regarded as worm- 
trails, or markings made by 
Fucoids. These also have re- 
ceived numerous appellations, 
such as Nereites (Fig. 224), Ne- 
■mertites , Myrianites, Nemapodia , 
Crossopodia (Fig. 225), Phyllodo- 
cites , Naites, etc. Nathorst, how- 
ever, has brought forward ex- 
perimental evidence to prove that the majority of these markings have been 
produced by the movements of Crustaceans, Annelids and Gastropods. A like 
origin may reasonably be ascribed to the extraordinarily abundant and variable 



Fig. 22% 

Crossopodia ( Crossochorda ) scotiect M £ Coy. Ordovician ; 
Ba gnol.es, Normandy. 



Fig. 224. 

Nereites cainbrtnsis M‘Leay. Cambrian ; Llampetei, Wales. 
Natural size. 
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vermiform structures known as “Hieroglyphics/ 5 which occur m the Flysch, 
Carpathian Sandstone, and in the marine facies of the Cretaceous and Jurassic 
formations. The trails known as Climactichnites Logan, 1 from the Potsdam 
sandstone (Cambrian) of New York and Wisconsin, are of uncertain origin, 
but may be those of some large crustacean. Other peculiar markings have 
been interpreted by B. B. Woodward (Proc. Malawi. Soc., London, 1906, vol. 
vii.) as the feeding-tracks of Gastropods. 

1 These tracks, known as Cl iniact ich n ites, were first described by Logan {Can. Nat. and Geol., 
1860, vol. v ) and later recorded by Hall (N.Y. State Mus. 42nd Report, 1889) from Port Henrj, 
Essex county, N.Y., and by Woodworth (N.Y. State Mus. Bull. 69, 1903) from the town of 
Mooers, Clinton county, N.Y. In the latter locality they assume gigantic proportions, being 6 inches 
wide and 15 or more feet long, terminating in an oval impression 16 inches long. 

Various explanations have been suggested for these tracks. Besides having been referred to 
trilobites, burrowing crustaceans, plants, gastropods and annelids, they have been compared with 
those of the horseshoe crab, first by Dawson and recently again by Hitchcock and Patten. Sir 
William Dawson {Can. Nat. and Geol., 1862, vol. vn.), who studied Limulus on the seashore, 
pointed out that when the animal creeps on quicksand, or on sand just covered with water, it uses 
its ordinary walking legs and produces a track strikingly like that described as Protichnites fiom 
the Potsdam sandstone ; but in shallow water just covering the body, it uses its abdominal gill-plates 
and produces a ladder-like track the exact counterpart of Climactichnites except that m the track of 
Limulus the lateral and median lines are furrows instead of ridges. Patten {Science, 1908, vol. vm. 
p 3S2) ** described the movements of a modem Limulus m advancing up a sandy beach with the tide, 
and the action of the abdominal gill-plates making rhythmic ridges m the sand. He compared 
these with, the tracks of Climactichnites, which he ascribed to forms related to the euryptends rather 
than the trilobites. The tracks showed a beginning in a hollow in the sand and where continued 
on the specimen to the further end there became fainter, as if the animal rose from the bottom. 
This would correspond with the habit of the Limulus, which remains buried ou recession of the tide 
and upon its first return crawls and then swims away. Beside one track were seen two symmetric- 
ally placed impressions attributed to the longer arms of a Eurypteroid form.” 

In favour of this view is the fact that Strabops is a Cambrian Eurypterid that would appeal 
competent to produce such tracks ; contrariwise, however, Woodworth has suggested that the trail 
was made by a mollusk, and that the sedentary impression is the end of the trail instead of its 
beginning. The direction of the obliquely transverse maiks of Climactichnites is always toward 
the oval impressions, and comparison with those of the Limulus tracks (Dawson, figs. 1-3, and also 
fig. 157 m Cambridge Nat. Hist. vol. iv.) would indicate that the animal, if an Eurypterid, moved 
toward the sedentary impression and not away from it. The most recent discussion of the nature 
of these and other problematical markings is to be found m a paper by Walcott ( Smithson . Afisc. 
Coll , 1912, vol Ivu., no. 9), where it is suggested that tlie Climactichnites trails may have been 
formed by a large segmented Annelid like Pollingcria Specimens of the latter are known from 
the Cambrian which have a length of 13 cm. and width of 7 cm. 



Phylum IV. ECHINODERMATA 


The Echinoderms are animals with primarily a radial (usually pentamerous) 
and secondarily more or less bilateral symmetry, which were formerly included 
with the Coelenterates under the general category of Eadiata ; but were 
recognised by Leuckart as the representatives of a distinct animal type. 
Eecently it has been suggested by two authors, working independently, one 
from a study of comparative embryology (Patten), and the other" from 
evidence furnished by the adult anatomy (A. H. Clark), that the Echinoderms 
are derived from acraniate crustacean ancestors, through the Cirripedia. 

Echinoderms possess a well - developed, usually pentamerous dermal 
skeleton, which is composed of calcareous plates, or of minute, isolated, 
calcareous bodies embedded in the integument, and sometimes also in the 
walls of many of the internal organs. The exoskeleton may be immovable, 
or more or less movable, but is very frequently provided with movable 
appendages (spines, pedicellariae, etc.). The arrangement of both the 
skeletal parts and the principal organs is so generally pentamerous, that 
five may be regarded as the fundamental numeral pervading the phylum of 
Echinoderms. 

Apart from this constitutional difference, Echinoderms are distinguished 
from Coelenterates by the presence of a true digestive canal, a distinct 
body-cavity, a vascular system, and a water-vascular apparatus ; by a more 
perfectly developed nervous system ; and, except in certain Starfishes, by an 
exclusively sexual mode of reproduction. 

The skeleton of Echinoderms is primarily composed of a series of plates 
which are situated in the integument, and are covered with living dermal 
tissue during life of the individual. Although lying near the surface, the 
plates are strictly internal in position, and are capable of growth or resorption 
throughout life. Besides skeletal plates, other hard parts may occur, such as 
spines, pedicellariae, the jaws or so-called “ Aristotle’s lantern " of Echini, and 
spicules of the kind found in the tube-feet and some of the internal organs. 
Certain Crinoids also show a series of calcified convolutions supporting the 
digestive tube. The calcification of the internal organs is sometimes sufficient 
to form solid skeletal parts. The plates and other skeletal parts of Echino- 
derms are composed of open cribriform tissue (Figs. 226, 227), which in the 
cleaned test of Eecent specimens is highly porous. During fossilisation the 
interstices are commonly infiltrated with lime carbonate, so that the whole 
structure is transformed into calcite, exhibiting unmistakable rhombohedral 
cleavage. Each plate, joint and spine of a sea-urchin, star-fish or crinoid 

143 



144 


ECHINODERMATA 


PHYLUM IV 


behaves mineralogically and optically like a single calcite crystal. The plates 
forming the main skeleton of an Echinoderni may be few or numerous, and 
may be polygonal with vertical sides forming a solid skeleton, or they may 
be rounded, scale-like or imbricating, forming a more or less flexible test ; or 
again they may be reduced to minute, dissociated bodies embedded in the 
integument and forming a partial dermal skeleton, as in certain Holothurians. 

All the Echinoderms are marine, and only a very few of them occur in 
even very slightly freshened water. In the system proposed by Haeckel 




Fifi. 22(5. 

a, Magnified cross-section of an 
Eclunoid spine ; Fiji Islands ft, Mag- 
nified section of coronal plate of a 
Recent Sea -urchin (Sphacrcchinus) ; 
plane of section parallel to surface. 


u 



Fio. 227. 


Pcntncrinus sultcres Goldf. Upper Jura ; Reichen- 
bach, Wurtemberg. a, Vertical section of stem-joint in 
plane indicated m e, IS/*, ft, Transverse section of 
same, 18fy. c, Joint-face, d, Senes of columnals 
(natural size). 


seven classes are recognised, of which the first three, namely, Cystidians, 
Blastoids and Crinoids, are grouped together as a distinct subphylum called 
Pelmatozoa . Corresponding to this are two other subphyla, Asterozoa and 
Echmozoa , the former including the classes of Asteroids and Ophiuroids, 
and the latter comprising the classes of Echinoids and Holothurians. 


Subphylum A. Pelmatozoa Leuckart. 

The Pelmatozoa are Echinoderms, nearly all of which, during the whole or 
at least the early portion of their existence, are fixed by a jointed, flexible 
stalk, or are attached by the dorsal or aboral surface of the body. The prin- 
cipal viscera are enclosed in a bursiform, cup-shaped or spherical test (calyx), 
which is composed of a system of calcareous plates. On the upper surface of 
the test are placed both the mouth and anus, as well as the ambulacral or 
food grooves conducting to the mouth. In some forms, however, the calyx is 
so reduced as to form merely a small horizontal platform upon which rest the 
viscera, usually protected by a covering of secondary dermal plates. As a 
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rule, jointed flexible arms spring from the distal ends of the ambulacral 
grooves around the margin of the calyx ; but sometimes, as in Blastoids, arms 
are wanting, the ambulacral areas being extended down the sides of the calyx, 
and beset on both sides with pinnules. The inferior (dorsal, aboral) portion 
of the calyx is composed of a single or double series of basal plates, which 
rest either directly upon the stalk, or upon a centrodorsal representing a 
single greatly enlarged columnal, or they may be grouped about a central 
apical plate or centrale. Sometimes these plates are so small as to be invisible 
externally, so that the calyx appears to be composed of radials only. 

The Pelmatozoa comprise three classes : Cystoidea , Blastoidea and Crinoidea. 
Of these, the first two are wholly extinct, being confined to the Paleozoic 
rocks ; all three are found well developed in the Ordovician, and doubtless 
originated in pre-Cambrian time from unknown ancestral forms. The Cyst ids 
are the oldest, substantially ending with the Silurian, though feebly repre- 
sented in the Devonian and Carboniferous. The Blastoids culminated in the 
Lower Carboniferous and ended in the Permian. The Crinoids also cul- 
minated in the Carboniferous, but continued to survive, nevertheless, and are 
represented in existing seas by numerous genera and species, the dominant 
type being the unstalked forms, or Comatulids. 

Class 1. CYSTOIDEA Leopold von Bueh. 1 

Extinct , pedunculate, or more rarely stemless Pelmatozoa , with calyx composed 
of mw'e or less irregularly arranged plates. Food brought to the mouth by a system 
of ciliated grooves , either between the calyx plates , oier them , or along processes from 
the calyx (arms, brachioles , etc.), or subtegminal. Anus usually on the oral half of 
the calyx. Calyx plates often perforate . Brachial processes usually imperfectly 
developed, sometimes absent. 

The calyx is globose, bursiform, ovate or ellipsoidal in form, more rarely 
cylindrical or discoidal, and is composed of quadrangular, pentagonal, hexa- 
gonal or polygonal plates, which are united by close suture. The plates 
vary in number from thirteen to several hundreds, and only exceptionally 

1 Literature: Volborth, A. von, Ueber die Ecbinoenermen. Bull. Acad. Imp. Sci. St-Petersb., 
1842, vol. x. — Volborth , A. von , Ueber die russischen Spbaeroniten. Verhandl. Mineral. Gesell. 
St. Petersb., 1S45-46. — Buck, L. von , Ueber Cystideen. Abhandl. Akad. Wiss. Berlin, 1S44 
(1845). Translated in Quart. Journ. Geol. Soc. London, 1845, vol. ii. — Forbes, E ., On the 
Cystidea of tbe Silurian Rocks of tbe British Islands. Mem. Geol. Survey Great Brit., 1848, 
vol. ii. part % — Midler , J., Ueber den Bau der Ecliinodermen. Abhandl. Akad. Wiss. Berlin, 
1853. — Hall, J., Palaeontology of New York, vol. ii., 1852, and vol. iii., 1859.— Billings, E., On 
the Cystidea of the Lower Silurian Rocks of Canada (Figures and Descriptions of Canadian Organic 
Remains, Decade III.), 1858. — Hall, J., Descriptions of some new Fossils from the Niagara Group. 
20th Amu. Rept. N.Y. State Cabinet of Nat. Hist., 1867 . — Billings , E., Notes on the Structure of 
Crinoidea, Cystidea, and Blastoidea. Amer. Joum. Sci. (2nd ser.), 1869, vol. xlviii., and 1S70, 
vol. xlix. — Volborth, A. von, Ueber Acbradocystites und Cystoblastus. Mem. Acad. Imp. Sci. St- 
Petersb., 1870, vol. xvi. — Schmidt , F., Ueber Baltisch-Silurische Petrefacten. Mem. Acad. Imp. 
Sci. St-Petersb., 1874, vol. xxi. — Barrande, J., Systems Silurien du Centre de la Boheme, vol. vii. 
Cystidees, 1887. — Carpenter, P. H., On the Morphology of the Cystidea. Journ. Linn. Soc., 1891, 
vol. xxiv. — Haeckel , E Die Amphorideen und Cystoideen, etc. Festschr. fur Gegenbaur, No. 1, 
1896 — Jaekel, 0., Stammesgeschichte der Pelmatozoen, Thecoidea und Cjstoidea, 1899. — JaeJcel , 
0., Uber Carpoideen. Zeitschr. Deutsch. Geol. Gesell., 1900, vol. hi.— Bather, F. A., Treatise 
on'Zoology (Lankester), part 3, Echinoderma, 1900. — Sckuchert, C., Siluric and Devonic Cystidea. 
Smithson, Misc. Coll., 1904, vol. xlvii. part 2.— Bather, F. A Ordovician Cystidea from Bmnia. 
Mem. Geol. Surv. India, 1906, n. s. vol. ii. — -Kirk, E., Structure and relationships of certain 
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exhibit a regular arrangement. Sharp demarcations between the actinal and 
abactinal systems of plates, and between radial and interradial areas, rarely 
exist ; the plates of the sides of the calyx pass insensibly into those of the 
ventral surface, and are disposed in regular cycles only in a few instances. 
The base, however, is composed of a distinct ring of plates, and is usually 
recognisable by the presence of an articular surface for the attachment of a 
stem, or by being directly adherent to some foreign object. 

The mouth is indicated by a central or subcentral aperture on the upper 
surface, or at the end opposite to that which is attached to the column or 
stem. It is sometimes covered by five small plates corresponding to the 
orals of Crinoids, and from it radiate from two to five simple or branching 
ambulacral grooves. The second opening on the ventral surface is situated 
eccentrically, and is frequently closed by a valvular pyramid, consisting usually 
of five or more triangular plates ; or the covering may consist of a variable 
number of smaller pieces. This aperture, which was regarded by L. von 
Buch, Volborth, Forbes and Hall as a genital opening, is now generally con- 
ceded to represent the anus. A third smaller opening, situated between the 
mouth and the anus, is present in a few forms only. The functions of this 
latter orifice are not well understood, but it is commonly regarded as the 
ovarian aperture, or genital pore (Fig. 228). Yet another small, slit-like opening, 
situated in the vicinity of the mouth, was detected by Barrande in the genus 
Aristocystites ; but its functions are altogether unknown. 

The ambulacral grooves , or food-grooves, which are present in most 
Cystideans, are usually simple, although sometimes distally branching, and 
are frequently roofed over by alternately arranged covering pieces. In a few 
forms ( Caryocrinus , Cryptocrinus, etc.) the grooves are wholly absent. The 
genera Aristocystites , Pyrocystites and Calix are without exposed ambulacral 
grooves ; but they have instead, as Barrande discovered, a peculiar system of 
five or six covered passages on the inner surface of the calyx plates, which 
converge towards the mouth, and are distally more or less branching (Fig. 
229). These structures, the so-called “ hydrophores palmtes” were homologised 
by Barrande with the hydrospires of Blastoids; but as Neumayr has pointed 
out, they are probably the equivalent of subtegminal food-grooves in Crinoids. 

The calyx or thecal plates exhibit most remarkable structural peculiarities. 
As a rule they are more or less extensively perforated by pores or fissures ; 
although in some forms ( Cryptocrinus , Malocystites, Ateleocystites, etc.) they 
appear to be imperforate, and are composed of a homogeneous calcareous 
layer of greater or less thickness, the same as in Crinoids. But in Aristo- 
cystites, Calix, Proteocystites, Glyptosphaerites , Echinosphaerites , etc., the plates 
are uniformly covered both externally and internally with a very thin, 
generally smooth, calcareous membrane, which may be perforate or imperforate. 
The central layer is of variable thickness, and is traversed by numerous 
canals (Figs. 229, 230) which extend from the inner to the outer surface, 
sometimes rectilinearly {Aristocystites, Calix, etc.) ; sometimes in slightly 
sinuous lines ; and in rare instances they divide dichotomously. The canals 
terminate on either surface in small round apertures or pores, which are 
arranged either singly or in pairs, and may or may not penetrate the outer 
calcareous membrane. The pores are commonly situated either on a tubercular 
elevation, or in a slight superficial depression. 

But still more frequent than the canals are the so-called poi'e-rhombs (Fig. 
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231) which occur indifferently in types possessing numerous or but few 
calycine plates. The pores are arranged so as to form lozenge-shaped or 
rhombic figures, in such manner that one half of each rhomb belongs to one 
plate, and the other half to its contiguous neighbour ; while the line of suture 
between the plates forms either the longer or the shorter diagonal of the 
rhomb. The pores of opposite sides of the rhomb are united by perfectly closed, 
straight ducts, which pass horizontally through the middle layer and across 
the line of suture between the two plates, thus producing a transversely 
striated appearance. Occasionally the connecting tubes appear on the outer 
surface as elevated striate rhombs ; but as a rule they are concealed by the 
above-mentioned covering layer, and are only visible in weathered or abraded 
specimens. The pores of the rhombs also communicate with short canals 



Fig. 22S. 

Glyptosphuentes leuchtciibergi Volborth. 
Calyx showing ambulacra! grooves, plated 
mouth-opening, large lateraUy situated anus, 
and small ovarian aperture between mouth 
and anus. 



Fig. 220. 

Aristocy>tites. Canal* 
perforating the median 
layer of plate. 



a, A ris*rcy*nie* Inner surface of two 
calyx plates showing simple jujres; 
b, Gh^Sn^huentes. Outer s>uriaee of 
calyx plate showing double pores. 



Fig. 231. 

Pore-rhombs of (i>) EcMnoiphierites, and (1>) Canjncrinua, 
enlarged. The left half of Fig. a is abraded, so that the 
connecting-tubes appear as open grooves. 


passing vertically through the plates, the ends of which are either covered 
over by the outer calcareous layer, or appear on both surfaces as fine indepen- 
dent pores. A pair of oppositely situated pores of the latter description 
may sometimes receive as many as two or three fine canals, while in other 
genera they are entirely wanting. 

The pore-rhombs are sometimes present upon nearly all plates of the calyx, 
but in other cases they are only developed on a certain number or on all of 
the plates forming the side- walls of the calyx, being absent from its upper 
surface. In still other instances ( Pleurocystites , Callocystites , Fig. 232), the 
pore-rhombs are greatly reduced in number, and occur in the form known as 
pectinated rhombs or pectino-rhombs. The component halves of the latter 
stand on contiguous plates the same as the ordinary pore-rhombs, but are 
always separated externally by an interval ; frequently the two parts are of 
different form or size, and sometimes one of them may become obsolescent. 

As regards the functions of these canals and pores (the “ hydrospires ” of 



148 


ECHIN ODERMATA — PELM ATOZO A 


PHYLUM IV 




PlQ. 282. 

CdUocystitee j ewetti Hall. Silurian (Niagara Group) ; Lockport, New 
York. A, Calyx from one side (natural size). B, Ambulacral grooves 
and tliree pectinated rhombs (rh), enlarged ; o, Mouth ; an, Anus ; g, 
Genital pore (after Hall). 


Billings), the anatomy o f existing Crinoids furnishes us with no positive con- 
clusions. They have been compared with the pores which are present in the 
tegmen of the latter, and the rather plausible suggestion has been offered that, 
they served to admit water into the body-cavity, and thus performed 
respiratory functions. At all events, they could not have served for the pro- 
trusion of tube-feet, since 
they are frequently covered 
over by an outer calcareous 
membrane, which effectu- 
ally shuts off communica- 
tion with the exterior. 

The arms or brachioles 
in the Gystideans are as 
a rule feebly developed, 
and are sometimes either 
entirely wanting, or re- 
duced in number (2, 3, 6, 
9-13). The pentamerous 
symmetry, so generally 
characteristic of Echino- 
derms, pervades neither the arrangement of the calyx plates nor the number 
and disposition of the arms. The latter are invariably simple, are either 
uniserial or biserial, and exhibit a ventral groove protected by covering plates. 

In some genera the arms attain considerable thickness, but in others they 
are very diminutive, and seem to have closer affinities with pinnules than 
with the arms of Crinoids. In the Callocystidae and Agelaerinidae, as well as in 
the Canadian genera, Amygdatocystites and Malocystites, the arms are either 
recumbent with their dorsal side facing the calyx, or they are prostrate and 
incorporated into the calyx. The ventral side, in these cases, is directed out- 
wardly, and the ambulacral furrow is bordered on either side by a row of 
alternating, jointed pinnules, which are 
attached by small articular facets running 
parallel with the groove. 

The stem, as a rule, is greatly abbrevi- 
ated, and is frequently obsolete. Some- 
times the calyx is attached by the entire 
lower surface (Agelacrims) ; or in other 
cases by means of a tubular process 
(. Echinosphaerites ). Only in rare instances 
does the stem appear to have served for 
attachment, since it generally tapers dis- 
tally to a point, and is invariably destitute 
of cirri. The stem sometimes resembles that of the Crinoids, in being composed 
of a number of short, prismatic or cylindrical joints ; these are pierced by a 
wide canal, and are either united by horizontal, striated, articular surfaces, or 
they overstride one another like the draw-tubes of a spy-glass. In other cases 
the upper part, aud occasionally, indeed, the entire stem, is composed of vertical 
rows of alternating plates. These plates, as a rule (Dendrocystites), enclose 
a large central space, which may be regarded as a prolongation of the body- 
cavity. 



Fig. 238. 

Artotoaytftfes. Subteg 


iinal ambulacral 
Enlarged (after 
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The Cystideans constitute the oldest and least specialised group of the 
Pelmatozoa. Appearing first in the Cambrian, they develop a great variety of 
forms in the Ordovician and Silurian, but become extinct before the close of 
the Carboniferous. While their own ancestry is obscure, it is highly probable 
that from them have descended both the Crinoids and Blastoids. * If, on the 
one hand, the families of Aristocystidae, Sphaeronitidae and Echinosphaeritidae 
differ radically from Crinoids in respect to their numerously and irregularly 
plated calyx, or as regards the feeble development or even total absence of 
their arms ; nevertheless, the Cryptocrinidae and the imperfectly preserved 
Cambrian genus, Lichenoides , evince a striking similarity, especially as concerns 
the more or less regular arrangement of the calyx plates, and a certain 
approach to radiation. On the other hand, forms like Porocrinus and Ckiocnnus , 
along with strong pentamerous symmetry and regular arrangement of plates 
which seem to ally them with the Crinoids, have also, in the presence of 
pectino-rhombs and calycine pores, characters by which they might with equal 
propriety be assigned to the Cystids. 

If we can explain the derivation of Crinoids from Cystideans on the 
supposition that the calyx plates of the latter gradually took on a more 
definite arrangement, while the loss of pores and pore-rhombs was counter- 
balanced by a stronger development of the arms and the stem ; so, too, it is 
possible to derive Blastoids from the same source. Although hydrospires 
are clearly wanting in the Cystids, nevertheless, other characters, such as the 
recumbept attitude of the arms upon the sides of the calyx, or their insertion 
in grooves on the ventral surface, predicate an intimate relationship with 
the Blastoids. Probably the most notable similarities are presented by the 
peculiarly modified families, Callocystidae and Agelacrinidae. Various attempts 
have been made to affirm a connection between Agelacrinus and the Asteroidea, 
and between Mesites and certain of the Silurian Echinoidea (Ech inocystites) ; 
but such hypotheses are scarcely warranted, since they proceed from an over- 
valuation of purely external resemblances, which in nowise prove genetic 
relationship. 

The Cystids were first recognised as a distinct division of Echinoderms by 
Leopold von Buch in 1844, but their more detailed classification long remained 
in an unsatisfactory condition, and is still involved in considerable difficulty. 
This is largely owing to the comparative scarcity of material and its 
frequently imperfect preservation, affording insufficient knowledge of the 
exact structure in many forms. The classification of Johannes Muller was 
based primarily upon the structure of the calyx plates, according to which 
two main groups were recognised, Ehomhifera and Diploporita. To these 
Boemer afterwards added a third, Aporita , and other divisions were made by 
Barrande, Neumayr and Steinmann. In later years the Cystids have been 
treated extensively by Haeckel, Bather, and Jaekel, who have proposed 
classifications based upon phylogenetic principles. TThile in some general 
features these are in substantial agreement they differ considerably in 
details. The arrangement adopted by Bather, with some of the modifica- 
tions introduced in the later editions of ZitteFs Ghrundziige y is in the main 
here followed. 
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Order 1. AMPHORIDEA Haeckel (pars). 

No radial symmetry in food grooves or calyx plates. , 

Family 1 . Aristocystidae Nemnayr. 

Calyx composed of numerous plates without regular arrangement. No extension 
a of food-grooves or brachial processes. Stem undeveloped 

or very short. Cambrian to Silurian. 

Pilocystites , Lapillocystites and Acanthocystites Bar- 
rande. Cambrian; Bohemia. These are obscure genera. 

Aristocystites Barr. (Fig. 2 34). Calyx bursiform 
or ovate ; ventral surface with four apertures ; stem- 
less. Ordovician ; Bohemia. 
v Deutocystites Barr. Ven- 

tral surface with three aper- 
tures. Calix Rouault (Cra- 
terina Barr.). Conical, trun- 
cate. Baculocystites Barr. 
Ordovician; Bohemia. 

Megacystites Hall (Holocystis 
S. A. Miller). Elongate, 
cylindrical or sub-cylindrical; 
short - stemmed or stemless, 
with subcentral mouth. Silur 
ian ; North America, Gotland 
Said to be a sponge. 




Fig. 234. 

Aristocystites buhemicut,] Barr. Ordovician (DtH ) ; Zahorzau, 
Bohemia, a, Side view ; b, Summit aspect (after Banande). „ 


! Lodanella Kayser. Devonian ; Germany. 


Family 2. Anomalocystidae Meek. 

Calyx oval , more or less compressed , with dissimilarly plated broad sides. Platu 
either imperforate or with simple pores ; pore-rhombs absent. 

Food-grooves extended in one or more processes . Stem short , 
tapering , of polymeric columnals. Cambrian to Silurian. 

Trochocystites Barr. ( Trigonocystis Haeckel). Calyx 
strongly compressed. Plates of the right and left sides 
large, those of both the anterior and posterior small, 
polygonal. All plates perforate, ' but without pore- 
rhombs. Ventral surface with three apertures. Stem 
composed of several vertical rows of plates. Cambrian ; 

Bohemia, Spain, Northern France. 

Mitrocystites Barr (Fig. 235). Like the preceding, 
except that one side of the calyx is composed of toler- 
ably large, and the other of small plates. Ordovician ; 

Bohemia. 

Mitrocystella , Bhipidocystis Jaekel. Ordovician; 

Bohemia. 

Anomalocystites Hall (Ateleocystites Bill.; Platycysiis 
S. A. Miller ; Enopleura Weth.). Calyx plates smaller and more numeroui 
on the convex side than on the concave. Anus situated very low down oi 



Mitrocystites mitra Barr. 
Ordovician ; Wpsek, Bohemia. 
Supposed, right side (afbei 
Jaekel). 
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the convex side. Arms feeble, filiform. Ordovician and Silurian : North 
America, England, Bohemia. 

Balanocystites Barr. Ordovician ; Bohemia. 

Belemnocystis Miller and Gurley. Ordovician; North America. 

Blacocystites de Koninck (Fig. 236). Silurian: England. 

Dendrocystites Barrande. Ordovician ; Bohemia. Cigura Barrande. Cam- 
brian ; Bohemia. Syringocrinus Billings. Trenton Group ; Canada. 

Focystites Billings. Cambrian ; Canada. 

Brotocystis Hicks. Cambrian ; England. 

Oeratocystis Jaekel. Cambrian; Bohemia. 

A 


B 


Pig. 230. 

PlacocydLtes furbchianus de Kon Silurian ; Dudley, 

England. A, Concave aspect, showing brachioles (In) 
and proximal stem joints. B, Convex aspect, b, basals ; 
in, marginals ; v, ventrals (after Jaekel). 

Family 3. Malocystidae Bather. 

Calyx plates numerous and indefinitely arranged . Radial folds of stereom 
strongly marked , but no definite pore-rhombs or pectinated rhombs. Brachioles borne 
on processes either free or recumbent on the calyx. Stem uniserial. 

Malocysiis Billings. Calyx globular. Ordovician; Canada. Canadocystis 
Jaekel. Same horizon. 

Sigmacystis Hudson, Ambulacra S-shaped. Ordovician ; Canada. 

Amygdalocystites Billings (Fig. 23T). Calyx flattened and elongate. Two 
unbranched ambulacra, fringed with brachioles, pass from a subcentral mouth 
over the calyx. Ordovician ; Canada. 

Comarocystites Billings. Ordovician; Canada. Achradocystites Yolborth. 
Ordovician; Bussia. 

Order 2. RHOMBIFERA Zittel (emend. Bather). 

Radial symmetry affects food-grooves, and sometimes calyx plates. Food-grooves 
borne on jointed processes ( brachioles ). Calyx plates mare or less folded , and provided 
with rhombs . 




Fig. 237. 

*4 //? ifijtlalunjKf ( fe* flu seal t s Bill. Tren- 
ton Group ; Canada. 1, from side ; 2, 
single plate enlarged ; 3, port on of 
foud-gioove enlarged. 2h\ dotted 
outline of some brachioles ; Br\ facet 
for attachment of same (after Bather). 
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Family 1. Echinosphaeritidae Neumayr. 

Calyx globular or bwrsiform , adherent or with short stein, and composed of 
numerous , irregularly arranged plates , all of which are furnished with pore-rhombs . 
Ambulacra! grooves short , unbranched; arms two to five, free, biserial, rarely preserved. 
Stem, when present, composed of several vertical series of alternately arranged plates. 
Ordovician and Silurian. 


t/ 1) c 0. 



Fig. 23S. 


Eihiimphucnte* aunnitium (Hismg). Oulovician (Vagmatenkalk) ; Pulkova, Russia, a, Summit view of 
calyx; 1>, Calyx seen from the anal side; <*, Mouth, arms, and covered ambulacral giooves; d, Calyx plates 
enlarged, showing poi e-rhombs (cf. Fig. 231). 


Echinosphaerites Wahlenb. ( Cry stall ocystis , Citrocystis, Trinemacystis Haeckel) 
(Fig. 238). Globose, non-pedunculate. Mouth central, ambulacral grooves 
short. Anal opening protected by a valvular pyramid ; arms unknown. 

Very abundant in the Ordovician of Eussia and Scandinavia. 
E. aurantium (Rising). 

Arachnocystites Neumayr. Like the preceding, except 
that it has strong arms, usually three in number, which 
sometimes attain a length of 10 cm. Stem tapering dis- 
tally to a point. Ordovician ; Bohemia. A. infaustns 
(Barr.). 

Caryocystites v. Buch ( Amorphocystis Jaekel) (Fig. 239). 
Calyx plates relatively large. Pore-rhombs on external 
surface elevated, prominent. Stem wanting. Ordovician ; 
Eussia, Scandinavia, England. C. granatum Wahlenb. 

Palaeocystites Billings. Calyx ovate or pyriform ; plates 
numerous, and poriferous at the margins. Ordovician; Canada. 

Orocystites Barr. Ordovician; Bohemia. Heliocrinus Eichwald. Ordo- 
vician ; Eussia. Stichocystis Jaekel. Ordovician ; Europe. 

Family 2. Caryocrinidae Bernard. 

Calyx composed of a moderate number of plates exhibiting a more or less definite 
arrangement in cycles. Certain or all of the side plates with pore-rhombs ; those of 
the ventral surface imperforate. Food-grooves primitively three, branching, an d 
leading to free aims in varying number. Stem constantly present, occasionally long. 
Ordovician and Silurian. 

Hemicosmites v. Buch ( Sexalacystis Haeckel). Calyx composed of four 
basal plates, two zones containing six and nine lateral plates respectively, and 
a circlet of six plates forming the ventral surface. The latter carries three 
short ambulacral grooves, at the ends of which are situated small articular 



Fig. *23y. 

Can/nciibtitcb ijrana- 
tum (Walilb. ) Ordovi- 
cian ; Oeland. Plates 
of the natural size 
showing elevated 
pore-rhombs 
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facets for the attachment of arms. Pore-rhombs present on all of the side 
plates. Ordovician ; Paissia. H. pyriform is v. Buch. 

Cctryocrinus Say (Stribalocystis S. A. Miller; Enaeacystis Haeckel) (Fig. 
240). Calyx hexamerous, with dicyclic base. Infrabasals four, unequal ; 
followed by a second row (basals) 
of six plates, alternating with the 
plates of the first and third cycles. 

The latter ring consists of eight 
plates, six of which, according to 
Carpenter, represent the radials, 
and two (the interscapulars of 
Hall) the interradials. Ventral 
surface formed of six or more 
small pieces. All plates of the 
cup furnished with pore-rhombs ; 
the summit plates imperforate. 

Mouth and ambulacral groove 
subtegminal. Anus protected 
by valvular pyramid, and situated 
on the outer margin of the ventral 
surface. Here also are placed 
the arms, which are six to thirteen 
in number, and relatively feeble. Stem long, composed of cylindrical 
segments. Ordovician; Scandinavia. Silurian; New York and Tennessee. 

Heterocystites Hall. Silurian ; New York. Corylocrinus, JuglanJocrinus 
von Koenen. Upper Ordovician ; France. 



Family 3. Callocystidae Bernard. 

Calyx composed of large plates arranged in three to fire cycles, and exhibiting 
three to five pectinated rhombs, the component halves of which stand on contiguous plates, 
A and are separated by an interval . Mouth forming the centre of radi- 
ation for two to five brachioliferous food-grooves which are protected 
by covering pieces , and either repose upon the calyx , or are sunh below 
J the surface in grooves. Stem well developed, tapering distally to a 
I point. Ordovician and Silurian. 


Subfamily A. Callocystixae Jaekel. 

18 Pseudocrinites Pearce (Fig. 241). Calyx ovate, 

W 1 y® two- to four-sided, and composed of four cycles 
1 °* polygonal plates. Anus closed by valvular 

\ ? a pyramid, and occupying a lateral position. Pore- 

fig. 241. rhombs three in number ; one placed above the 

FearlT l °Biimim; a?vJdafe, SC Eng- base, the remaining two to the right and left of 
w; the anus. Arms two to four, recumbent upon the 
anus (a), and three of the arms, calyx, extending to the base, and beset with biserial 

The fourth arm (a), broken away, . \ ° 

exposing flattened surface of caiyx. jointed pinules. Stem robust. biiurian ; Jhnglana. 

Callocystites Hall (Anthocystis Haeckel) (Fig. 242). 
Calyx olive-shaped, the oral end being more attenuated and obtusely pointed, 
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the base fiat or truncated ; plates twenty-five in number. Arms sometimes 
bifurcating. Silurian ; North America. 

Apiocystites Forbes. Calyx regularly oval, elongate or slightly compressed, 
and composed of nineteen plates. Silurian; England, Sweden and North 
America. 

Hallicystis Jaekel. Like the preceding, except in having five deltoid 
plates instead of one. Silurian. 

Lepocrinifes Conrad ( Lepocrinus or Lepadocrinus Hall ; Staurocystis Haeckel). 
Silurian ; New York and Tennessee. 

Lepadocystis Carp. ( MeeJcocystis Jaekel). Ordovician; North America. 

Sphaerocystites Hall ; Coelocystis , Jaekelocystis , Tetracystis and Trimerocystis 
Schuchert. Silurian ; North America. 

Strobilocystifes White. Devonian ; North America. Eybocystites Wetherby 
Silurian ; North America. 



Fig. 242. 

Callocydites jeirettt Hall. Sil- 
unan (Niagara Group), Lock- 
port, New York. Calyx seen 
from one side (natural size), a, 
anus ; hr, bracluoles, p, pectino- 
rhombs, x § (after Jaekel). 



Fig. 243. 

Pleuroeystites fihtcxtus Billings. Ordovician ; Ottawa, 
Canada, A, Calyx from the anterior side. B, Same 
from the anal side ; A, anal area ; a, anus ; ft, basals ; 
ftr, brachioles ; g, genital apeiture ; l 1 - 2 , laterals ; m, 
madreporite. x 3 (after Jaekel). 


Subfamily B. Glyptocystinae Jaekel. 

Pleuroeystites Billings (Fig. 243). Convex side with large plates arranged 
in cycles ; flattened side covered with very minute plates* Three isolated 
pore-rhombs borne on the convex side* Arms two in number, robust. Stem 
round, tapering distally to a point. Ordovician ; Canada. 

Glyptocystites Billings. Ordovician ; Canada and Russia. 

Gheirocrinus Eichwald ; Cystoblastus Volborth. Ordovician; Russia. 

Eomocystites Barrande. Ordovician and Silurian ; Bohemia. 


Subfamily G, Echinoencrininae Jaekel. 

Echinoencrinus v. Meyer (Syeocystites v. Buch and Gonocrinites Eichw.) (Fig. 
244, A). Calyx composed of four basal plates, and three cycles containing five 
plates each. All calvcine plates ornamented with costae or ridges radiating 
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outward from the centre. "V entral surface with short ambulacral grooves and 
articular facets for the attachment of three small arms. Anus removed to a 
lateral position between the first and 

second circlet of side plates. Three A 3 

pore-rhombs present; of these, two are 
situated above the base on the side 
opposite the anus, and the third above 
and slightly to the right of the anus. 

Stem round, short, tapering distally 
to a point, and composed of hollow 
segments inserted one within the other 
like the draw - tubes of a spy-glass. 

Ordovician; Russia. 

Scoliocystis , Erinocystis (Fig. 244, B) 



Fir,, s 


A, Ei'hiuoen- sinus 


* n : <cr<r Meyer. /?, 


Et'tneri.stis io 7 t><rth Jaekel. a. anus ; basal? ; ?, 


and Glaphyrocystis Jaekel. Ordovician; Lateral*;’ p, pectino-.honibl ' x ~ ~ (Lftsr* j aekei)! ' 
Russia. 

Prunocystis Forbes. 

Schizocystis Jaekel. Silurian; England. 


Order 3. DIPLOPORITA Zittel (emend. Bather). 

Pidclial symmetry affects food-grooves, and to some extent the calyx plates connected 
therewith . Food-grooves extended over the calyx plates themselves , and prolonged to 
hrachioles which line the calyx grooves . Pectinated rhombs and pore-rhombs not 
developed ; but calyx plates may be folded, and diplopores always present. 


Family 1. Sphaeronitidae Nemnayr. 


Calyx globular or cylindrical, short-stemmed or stemless, and composed of 
numerous irregularly arranged plates with pores united in pairs. Ambulacral 



Fig. 245. 

Sjihacronitcs globulus Angelin. Ordovician, Sweden. J. 
Theca, lateral aspect. B , Oral aspect, enlarged, an, anus ; 
br, facets for attachment of brachioles ; <j, genital aperture ; 
o, month ; x, base for fixation. 


grooves either open or protected by 
covering plates, and either short and 
simple , or elongated and branching, 
not extending from the mouth beyond 
the adored circlet of plates. Arms 
as a rule exceedingly small and 
primitive. Ordovician and Sil- 
urian. 

Sphaeronites Hising. ( Pomo- 
cj/stis Haeckel) (Fig. 245). Glo- 
bose, stemless. Five short ambu- 
lacral grooves radiating from the 
mouth towards the arm bases. 
Ordovician (Yaginatenkalk) ; 
Russia, Sweden and England. 
S. pomum Gyll. 


Eucystis Angelin. Ordovician ; Sweden. 

Trematocijstis , Palmocystis, Archegocystis and Codiacystis Jaekel. Ordovician ; 
Bohemia. 

Allocystites S. A. Miller. Silurian ; North America. 
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Proteocysfites Barrande. Lower Devonian ; Bohemia. Carpocystis CEhlert. 
Lower Devonian ; France. 

Family 2. Glyptosphaeridae Bather. 

Food-grooves extend over the calyx well beyond the adoral circlet , and irregularly 
transgress the sutures between the plates . Diplopores diffuse . 

Glyptosphaerites Mull. (Fig. 228). Differs from Sphaeronites in having 
long, branching, ambulacral grooves, and a short, well-developed stem. Arms 
recumbent and grooves beset with small plates. Ordovician ; Russia and 
Sweden. 

Fnngocystiies Barrande. Clavate. Ordovician ; Bohemia. 


Family 3. Protocrinidae Bather. 

Food-grooves extend over the calyx almost to the adoral pole , and are regularly 
bordered by alternating plates on which are the brachiole-facets. Diplopores diffuse , 
or confined to the adambulacmls. 


Protocrinites Eichw. (Fig. 246). Nearly hemispherical, non-pedunculate. 
Ambulacral grooves long and branching; arms un- 
known. Ordovician ; Russia and Bohemia. 

Proteroblastus Jaekel ( Dadylocystis ) (Fig. 247). 

Ordovician; Russia. 





Fig. 240. 

Protocrinites ovifoniw, Eiehwald. Ordovician; Pulkowa, Russia. 
a, Calyx viewed from abo\e; b. Same from below showing basal 
plate m the centre (alter Volbortli). 


Fig. 247. 

Protevohlnstus whinidti Jaekel. 
Ordovician , Esthoma ; amh, food- 
grooves; hr, bracluoles; iamb, 
mter-ambulacrals ; o, mouth (alter 
Jaekel). 


Mesocystis Bather (Mesites Hoffmann ; Agelacrinus Schmidt). Ordovician ; 
Russia. 


Family 4. Gomphocystidae Bather. 

Ambulacra in five main grooves curving around the calyx , and not prolonged to 
the brachioles. 

Gomphocystites Hall. Calyx flattened above, greatly elongate below, com- 
posed of many irregular plates, pierced by diplopores. Covering plates often 
developed, and grooves sunk below the thecal surface. Silurian; North 
America and Gotland. 

Pyrocystites Barrande. Ordovician ; Bohemia. 
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Order 4. APORITA Zittel (emend.). 

Radial symmetry affects food-grooves and calyx plates. Food-urowes Ionic un 
processes around the oral centre. Xo folds , rhombs or cliplopores. 

This division is admittedly artificial and ill-defined, being chiefly a 
receptacle for genera whose relations are imperfectly understood, or whose 
systematic position is doubtful. 

Family 1. Cryptocrinidae ZitteL 

Calyx composed of three rings of very finely perforate or imperforate , somewhat 
regularly arranged plates. Mouth central, surrounded by aitieular facets for the 
attachment of small arms . Anus eccentric ; stem round and 
slender. Ordovician to (?) Permian. ^ 

Cryptocrinus v. Buch (Fig. 248). Base composed of A vf- jjf ^ j 

three plates, and surmounted by two zones, each con- ^ 

taining five plates of unequal sizes. Mouth and anus mlyr 

enclosed within a ring of smaller pieces. Ordovician ; Iff jpXl 

St. Petersburg. C. cerasus v. Buch. 

Lysocystites Miller {Echinocysiites Hall non TTyv. 


/ * i 


Thomson, Scolocystis Gregory). 
Group ) ; North America. 

Hypocrinus Beyrich. This 
genus, described as a Oystid, 
from the Permian in the island 
of Timor, and Coenocystis Girty, 
from the same formation in 
western America, are probably 
Crinoids. 


Silurian (Niagara 




Family 2. 


Macrocystellidae 

Bather. 



Macroi'i^dh 1 utitvie Call. 
A, from side x 1/1. B-D, por- 
tion of a braohiole, x$;l, 
from side, dorsal and ven- 
tral surfaces E, single plate 
enlarged (after Bather). 


Calyx consisting of three or four f.g. s-ss. cau. 

circlets of plates, displaying more Cri^tocminscembUsr.Bxxah. A, from side x 1/1. B-D, por- 

J jr y JT J Ordovician ; Pulkovv a, Russia. tion of a braohiole, x$;l. 

Or less pentamensm . Jyo pores or a, &. e, Calyx from one side, from side, dorsal and ven- 

7 , nnnn l, n fiom above, and from below tral surfaces E, single plate 

0 Homos. oam Drian. (nat. size); m. Mouth ; a, Anus. enlarged (after Bather). 

Macrocystella Galloway. 

(Mimocystites Barr.) (Fig. 249). Three ranges of five plates each, followed 
by a fourth of the same number bearing bifurcating brachioles. Radiating 
folds strongly marked, dividing surface into triangles. No rhomb structure 
visible. Stem rapidly tapering. Pentamerous symmetry is well marked, 
and the form might be characterised as a tri-cyclic Crinoid. Cambrian ; 
England. 

Lichenoides Barr. ( Lichenocystis Haeckel). Cambrian ; Bohemia and 
Bavaria. Aethocystis S. A. Miller. Silurian ; Indiana, 

Family 3. Tiaracrinidae Bather (emend.). 

Calyx composed of not more than two circlets of plates: three (hasals) in the first, 
and four (radials) in the second ; followed by a range of short plates resembling 
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brachials surrounding the periphery of the legmen, either in an almost continuous 
ring, or in groups where the interoral sutures meet the radials . Whether there are 
further brachials in succession is unknown . Stem with a small axial canal . 
Silurian and Devonian. Relations doubtful, may be monocyclic Grinoids. 

Zophocrinus S. A. Miller, has arm plates in clusters of about three. Surface 
smooth. Silurian ; North America. 

Tiaracrinus Schultze ( Staurosoma Barrande). Arm plates eight or ten to 
each radius, forming a rather continuous ring. Surface strongly marked with 
folds crossing the sutures, which seem to be accompanied by pores. Devonian ; 
Eifel, France, Bohemia. 

Order 5. EDRIOASTEROIDEA Billings. 

(Syn. : Thyroidea Chapman, 1860; Agelacrinoidea S. A. Miller, 1877-1883; 
Oystasteroidea Steinmann, 1888; Bernard, 1893; Thecoidea Jaekel, 1895). 

The eminent Canadian paleontologist, E. Billings, as early as 1854, called 
attention to the great difference between the forms now grouped under this 
name and the typical Cystideans, and in 1858 suggested that they should be 
arranged as a suborder to be called Edrioasteridae. Subsequent authors have 
generally agreed to this in principle, but not as to the relative rank which the 
group should have. Bather, regarding it as a class, assigns it equal rank with 
the Cystids, Crinoids and Blastoids. Jaekel recognises it as one of three 
orders into which he divides the Cystidea (sensu L. von Buch), and this pro- 
cedure is in principle here adopted, without, however, denying that it may be 
entitled to the higher rank. Bather’s definition and general characterization 
of the group is substantially as follows : 

Pehnatozoa in which the theca is composed of an indefinite number of irregular 
plates, some of which are variously differentiated in different genera; with no subvedive 
Metal appendages, but with central mouth, from which there radiate through the theca 
five unbranched ambulacra, composed of a double series of alternating plates ( covering - 
plates), sometimes supported by an outer series of larger alternating plates (sideplates 
or flooring-plates). Poo'es between ( not through) the ambulacml elements, or between 
them and the thecal plates, permitted the passage of extensions from the penadial 
water-vessels. Anus in posterior interradius on oral surface, closed by valvular 
pyramid . Hydropore ( usually , if not always, pi'esent) between mouth and anus . 

This would represent primitively, as Bather explains, a form with flexible 
sack-like calyx, composed of numerous irregular, polygonal plates deposited 
in the integument ; having a mouth in the centre of the upper surface, and 
being attached by some indefinite portion of the lower surface. The struc- 
ture of the ambulacra would remove it far from the earlier Amphoridea, 
among Cystids, from which group it may have been derived. 

Upon this primitive ancestral form the following characters were, to a 
greater or less degree, impressed : a sessile habit ; the consequent assumption 
of a circular, flattened form; the differentiation of the upper and under 
surfaces ; the development of marginals or concentric frame-plates ; and the 
tendency to increase the food-gathering surface by spiral coiling of the ambu- 
lacra. According to the varying extent of these modifications, the order is 
divisible into three families : Agelacrinidae, Cyathocystidae, Edrioasteridae . 

The Edrioasteroidea have a somewhat greater geological range than the 
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majority of Cystids, extending from the Cambrian to the Lower Carboniferous. 
Two genera, Agelacrinus and JEdrioaster , are fairly abundant in certain localities 
of North America, but the others are rare. 


Family 1. Agelacrinidae Hall. 


Calyx composed mostly of thin plates , flexible , attached tempo an II y or ptr- 
manently by the greater part of the aboral surface ; ambulacra confined to the oral 
surface . Cambrian to Carboniferous. 


Agelacrinus Yanuxem (Fig. 250). Calyx in the form of a depressed or 
convex disk, stemless, and attached by the entire under surface ; composed of 
numerous, small, polygonal, usually imbricating 
plates, which are perforated by fine, usually 
conjugate pores. Mouth surrounded by four 
oral plates ; radiating from this are five small, 
more or less curved food-grooves, which are 
embedded in the disk, and are protected by a 
double row of covering plates. Ordovician; 

North America, Rhineland and Bohemia. Rare 
in Silurian and Devonian. 

Stromatocystis Pompeckj. Cambrian; Bohemia. 

Cystaster Hall ( Thecocystis J aekel). Streptaster 
Hall. Ordovician ; Ohio. 

Hemicystites Hall. Ordovician and Silurian : 

North America and Bohemia. 

Haplocystis Roemer. Devonian ; Rhineland. 

Lepidodiscus Meek and "VYorthen. Devonian to Carboniferous; North 
America. Discocystis Gregory. Carboniferous ; North America. 



Fig. 2uU. 

Ayclat. inns ciii<‘tuJuitici» s Roemer. 
Ordovician ; Cincinnati, Ohio. Indi- 
vidual of the natural size adherent to 
test of ItnJiuc^iKiiVL dlUfiipbi (Conrad). 


Family 2. Cyathocystidae Bather. 

Calyx composed on the oral surface of fire deltoids surrounded by marginals, hut 
below of a fused solid mass of siereom, with irregular longitudinal sutures ; ambu- 
lacra confined to oral surface ; permanently attached by the aboral surface , as by an 
encrusting roof \ Ordovician. 

Cyathocystis Schmidt. Ordovician ; Esthonia. 


Family 3. Edrioasteridae Bather. 

Calyx flexible, composed of thin plates ; attached , if at all, by a small central 
potion of the aboral surface; ambulacra pass on to the aboral surface . Ordovician 
to Devonian. 

JEdrioaster Billings (Aesiocystis Miller and Gurley) (Fig. 251). Ordovician ; 
Canada and Kentucky. 

Dinocystis Bather. Devonian ; Belgium. 

? Cyclocystoides Billings and Salter. Ordovician ; North America and Great 
Britain. Probably a Cystid, but not sufficiently known to be assigned to any 
‘particular family. 
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Family 4. Steganoblastidae Bather. 

Calyx rigid , composed of plates relatively larger and thicker than in other 
families of this group , including elements comparable to the radials and basals of 
Blastoidea . Ambulacra descend into the radials . A short stem present Ordovician. 

Steganoblastus Whiteaves (originally described as Astrocystites , name pre- 
occupied). In all the prominent external characters resembling a Blastoid, 
but careful study of the type specimens by Bather has shown the ambulacra 
to have essentially the same structure as in Edrioaster , and that brachioles are 
absent. Ordovician; Canada. 



Fig. 251. 

Edrioaster bigsbyi Bill. Ordovician ; Ottawa, Canada. 1, Oral surface with covering plates (amh) on two 
of the grooves, and side- or flooring-plates (ad) on the others, x 1/1. 2, Veitical section of same, 1/1. 8, Sec- 
tion across an ambulacrum, enlarged. Ad, flooring-plates; amh, covei mg-plates ; as, anus; ia, lnterambu- 
laerals ; M, madreponte ; in, membrane with imbricating plates, thrown into five lobes ( l ) ; /, frame of stouter 
plates ; ps, subtegminal peristome ; p, pores ; vg, ventral groove (after Bather). 

The following generic names have been incorrectly applied to Cystids : 

Ascocystites Barrande. Probably a Camerate Crinoid. 

Camarocrinus Hall. (Lobolithus Barr.). Inflated or bulbous root of the Camerato 
Crinoid, Scyphocrinus. 

Cardiocystis Barrande. Indeterminable. 

Onnocystis Hall. Probably a Camerate Crinoid. 

Gyclocrinus Eichwald ( Pasceolus Billings). Not an Echinoderm. 

Dictyocrinus Conrad. A Receptaculite. 

Hyponome Lov6n. The ejected disk of a Comatulid. 

Lichenocrinus Hall. The terminal stem-plate or root of some Pelmatozoan. 

Neocystites Barrande. Probably the root of a Pelmatozoan. 

Porocrinus Billings. An Inadunate Crinoid. 


Rang© and Distribution of the Cystoidea. 

The Cystideans, a wholly extinct class, are the oldest known members of 
the Pelmatozoa. They are represented in the Cambrian by a number of poorly 
preserved forms, whose affinities are in many cases doubtful ( Protocystites , 
Macrocystella, Eocystites , Lichenoides , Trochocystites). They attain their maximum 
development in the Ordovician and Silurian, whereupon they suddenly diminish 
in numbers, and probably disappear in the early Carboniferous. Of the 250 
species that have been described, scarcely a dozen are found in strata above 
the Silurian. 
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Although a few forms (Eeh innsphat rites, Arishu ystir. s, Cargo jgAiU* appeal 
in considerable abundance in certain formations, and are locally profuse in 
some beds, the majority are of comparatively rare occurrence. The braehiolcs 
ire only exceptionally preserved, owing to their fragile constitution, and the 
stem is also usually lost. 

Cystideans are found most plentifully in the Ordovician rocks of St. 
Petersburg, Russia, and in the Silurian localities of Oeland, Gotland, Sweden, 
Wales and Bohemia (Etage D). The Bohemian specimens are usually pre- 
served in the form of casts and moulds, and are contained in siliceous or 
argillaceous slates. The Ohazy and Trenton limestones of Canada, New York, 
Ohio and Indiana also yield a large variety of forms. 

Excellently preserved specimens of Pseadocrinitts , Apiocystikt. E chi not it- 
er inns and Anomalocystites are obtained from the Silurian limestones of Dudley 
and Tividale, England; and similar forms (Lipadoc ring's, Cidloeystihs, Coryn- 
crinus) are found in the Silurian (Niagara Group) of North America Only 
scanty remains are known from the Devonian, and from the Lower Carboni- 
ferous but a single genus, Lepidudiscus. 

Two genera have been described from the Permian, Eypocr>n us Beyrich, 
and Cocuocystis Girty ; but their systematic position is doubtful, and until more 
is known of their structure they may be left out of consideration. 

Glass 2. BLASTOIDEA* Say. 1 

Extinct , short-stemmed , or stemless Pelmatozoa with a rigid calyx resembling a 
flower-bud in shape , with penfamerous symmetry predominant ( occasionally modified 
by atrophy ), usually composed of thirteen principal plates. Food-grooves lying in 
lanceolate or linear areas (ambulaoa or pseudamluhcro) which icdiate from a 
central peristome between fire interradial deltoid plates and are not crossed by sutures 
between calyx plates ; they bear at their lateral margins pinnule-like appendages, and 
from their inner floor hang lamellar tubes known as hydrospires. Grooves and peri- 
stome protected by small , movable covering plates . 

The calyx is clavate, pyriform, ovate or globose, frequently pentangular 
at its upper face, and composed of plates which are firmly united among 
themselves. The plates of the abactinal system are arranged in three suc- 
cessive cycles, represented by the basals, radials and interradials or deltoids. 
The plates of the actinal system comprise the summit plates and the ambulacra. 

The basals consist of two plates of equal size, and a third smaller one, 
which is directed invariably toward the right anterior interradius. Resting 
upon the basals are five Y-shaped, usually equal radials (commonly known 

1 Literature r Say, T., Observations on some Species of Zoophjtes, etc. Amer. Joum Sci., 1520, 
vol. li. — Say, 37., On two Genera and several Species of Crinoids*. Journ. Acad. Nat. Sci. Philad., 
1825, vol. iv. (Also in Zool. Journ., 1825, voL ii.) — Boeder, F., Monograplne der fos&ilen 
Crinoidenfamilie der Blastoideen. Troschel’s Archiv fur Natmgesch., 1551, Jahrg. xvii., vol. i. — 
Iiofe, J., Notes on Echinodermata. Geol. Mag., Dec. 1, 1865, vol. ii — Billings, E . Notes on the 
Structure of Crinoidea, Cystoidea, and Blastoidea. Amer. Journ. Sci. 2nd ser., 1S69-70, vols. 
xlviiL-1. — Etheridge , B , and Carpenter, P. II., Catalogue of the Blastoidea m the Geological 
Department of the British Museum, 1886. [Complete bibliography, pp. 803-310.] — Bather , F.A., 
Genera and Species of Blastoidea, with a list of specimens in the British Museum, 1899. [Complete 
index of names with references to literature.] — Bather, F. A , Treatise on Zoology | Lankester). 
Part III, Echinoderma, 1900.— Mambach, G., Revision of the Blastoidea. Trans. Acad. Sci. 
St. Louis, 1903, vol. xiii.— Hudson, G. S'., Pelmatozoa from Chazy Limestone. New York State 
Museum Bull. No. 107, 1907. 

VOL. I ^ 
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as “ forked plates ”), whose superior margins are more or less deeply incised by 
the radial sin-uses. The term sinus is applied to the open space between the 

two prongs or limbs of the plate (Fig. 252). 

Succeeding and alternating with the radial s, 
and resting upon their limbs, are five interradial 
or deltoid plates, which vary excessively in size ; 
they are considered to be homologous with the 
oral plates of the Crinoids. In some species they 
occupy a large part of the sides of the calyx, and 
in others they are confined to the upper face. 
In Nucleocrinus and certain species of Orbitremites , 
the deltoids extend down so far into the calyx as 
to constitute more than half, or nearly the whole 
of its sides, while the radials are so short as to 
be almost invisible in a side view. Only a part 
Analysis of the deltoids is exposed to view, their sides 
being provided with flanges which are covered 
by the outer ends of the ambulacra. The name 
deltoid has reference to the exposed part of the plates, which in most forms 
is triangular or rhomboidal in outline. 

The radial sinuses between the limbs of the radials and the superjacent 
deltoids are filled by the ambulacral fields or ambulacra ( <c pseudambulacra” of 
Itoemer). The ambulacra vary in form from petaloid to narrow lanceolate or 
linear, and extend from the summit of the calyx to the distal ends or lips of 
the radial sinuses. The open space in which the ambulacra meet, the so-called 
“ summit-opening ” or peristome , is pentangular, and central in position. Ordin- 
arily this space is open, but in well-preserved specimens it is covered 
by a greater or less number of minute calcareous pieces (Fig. 253); these 



Fig. 25 2, 
Ptntrcmites andmu (Defr.). 


of calyx, h, Basals ; 
Inteiradials or deltoids. 


Radials , 


A 




Fig. 253. 


D 



A, Orbitremites nanvoodi(0. and S ). Upper face of perfect specimen, with mouth and anus (a) closed by 
plates. Spiracles (sp) separate. B, Orophocnnns stellifonnis (O. and S.). Upper face with closed peristome mid 
exposed anus. Spiracles slit-like. L\ Pent remit a bulratun Roem. Central mouth-opening surrounded by li\o 
spiracles, the posterior one confluent with the anus. D, Cryjitohlastus mclu (0. and S.). Upper face with 
central mouth-opening, large anus, and eight spiracles (after Carpentei). All specimens from Burlington 
Group ; Iowa. 


may be either regularly or irregularly arranged, but leave at each angle of 
the summit-opening a small passage-way, by means of which the ambulacra 
communicate with the peristome. The mouth is invariably subtegminal. 

The summit structure is rarely observed. The small plates which cover 
the peristome are merely extensions of the ambulacral covering plates variously 
modified in shape. In Nucleocrinus , Orophocrinus and Schizoblastus sayi , the 
central space is occupied by five asymmetrical plates, formerly called orals, 
surrounded by smaller ones toward the grooves. In Orbitremites norwoodi and 
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Crt/ptoUastus melo the plates are all small and irregularly arranged, 
genus Pent remites the covering plates are modified in a "singularly 


way : toward the centre they become increasingly elongate 


In the 
different 
and spine-like, 

surrounding not only the central opening, butTalso the spiracles and anal 
aperture, with a fringe of tapering spines, which meet over the summit in a 
tuft-like stellate pyramid, with salient angles interradial. 

The summit in most Blastoids is surrounded by a cycle of five pairs of 
openings ; and between the two posterior ones there is usually interposed 
a single additional aperture. The former were regarded by Boemer as con- 
nected with the genital system, and were called by him “ovarian apertures” ; 
but they are now known as the spiracles . The other opening which pierces 
the upper end of the posterior deltoid is the anus. 

The form and arrangement of the spiracles is extremely variable ; they 
may be round or slit-like ; they may consist of ten separate openings, or those 
of the same pair may be con- A p 

fluent with one another. The 
members of the posterior pair 
may be fused with each other 
and with the anus, in which 
case the fifth or posterior 
spiracle is considerably larger 
than the others. Orbitremites , 

Pentremites, Pentremitidea , etc. 

(Fig. 254 , A ), are examples of 
the latter case; Orbitremites 
having five circular orifices 
with tube -like projections, 
while in Pentremites and Pent- 
remitidea the four smaller 
spiracles are divided into two 
compartments by the terminal 
median ridge of the deltoids. 

The posterior spiracle in the 
two latter genera is divided 
by a duplicate ridge into three 
compartments ; of these the middle one enters the inner cavity, and the two 
outer ones communicate with the hydrospires by means of the hydrospire 
canal. In Troostocrinus , Schizoblastus and Gryptdblastus (Fig. 253 , D) the 
posterior spiracles are confluent with the anus, while those of the four regular 
sides are separated. Nudeocrinus , Mesoblastus and Ace atrot remites have ten 

separate spiracles, and a large, distinct anal aperture. The typical Codasteridae 
( Codaster and Phaenoschisma ), in which the hydrospires are exposed externally, 
have no spiracles and no hydrospire canal. Orophocrinus (Fig. 253 , B) has 
ten elongate clefts extending along the sides of the ambulacra ; but these are 
in reality the unclosed portions of the radial sinuses, and correspond to the 
open hydrospire canals of Pentremites , which are apparent upon the removal of 
the side-plates. 

The ambulacra are usually depressed below the general level of the calyx, 
but are sometimes raised above it, or they may be placed in the same plane 
with it. They vary in form from narrow linear to broad petaloid, and are 



Fig. 2"»4. 

jI, Fait re antes ifoduio (Deir.). Lem ei Carboniferous ; Alabama. 
Upper face with ambulacral fields m various* states of pieservation. 
a, Ambulacmm after the iemo\al of lancet- and sule-plates* ; hydro- 
spires exposed; h. Lancet-plate with upper surface denuded hj 
weathering; c, Peifectly preserved lancet-plate bordered by side- 
plates; n, The same, but with transverse marking of lancet-plate 
obliteiated ; e, Ambulacrum coveied with pinnules (after Boemer). 
7J, Fhacnoschb'iaa a>"ttuui (iivvby.) Lower Carboniferous ; Lancashire. 
Upper face, enlarged ; u, Ambulacrum after removal of the lancet- 
and side-plates ; hvdrospire slits (To/) cutting through radials and 
deltoids ; /*, c, Ambulacra in wiucli lancet-plates (?) only are pre- 
served : d , e, Ambulacra intact ; lancet-plate concealed bj side-plates 
(after Etheridge and Carpenter) 
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considerably complicated in structure (Fig. 255). The centre of each ambu- 
lacrum is occupied by the lancet-plate , a long, narrow piece, pointed at both 
ends, which extends to the full length of the fields. Its proximal end is 
inserted between the deltoids, and takes part in the lip around the summit- 
opening. The upper surface of the plate is excavated along the median line, 


a 

a 



• Fi«. 255. 

A, Pentremites jiyn for nik Say. Portion 
of an ambulacrum, exhibiting the lancet- 
plate (Z) ; median food-groove of the same 
(a) ; side-plates (a) ; outer side-plates (e ) ; 
and marginal pores (p), 9/ lt (after E. and 
C.). B, Ambulacrum ot Nudeuc nnus. 
Lettering as m A (after Roemer). 


and forms an open, well-defined groove, which 
conducts to the mouth, and in all probability 
represents the food-groove. The interior of the 
plate is traversed by an axial canal, which com- 
municates by means of the ambulacral opening 
with an oral ring belonging to the water-vascular 
system. In a number of forms ( Pentremites , 
Orophocrinus) there is to be seen a second, 
-smaller, and extremely thin plate underlying 
the median portion of the first ; this is called 
the under lancet-plate. 

The lancet-plate rarely occupies the full 
width of the ambulacral field, and the spaces 
between its lateral edges and the sides of the 
radial sinus are either wholly or partially 
covered by a row of small, horizontally elongated 
side-plates (“ pore-plates ” of Eoemer). In Pent - 
remites , Orophocrinus , and other genera, an addi- 


tional series of still smaller pieces, called the 
outer side-plates (“ supplementary pore-plates” of Roemer), are placed between 
the side-plates and the walls of the radial sinus. Pentremites and Cryptoschisma 
have the entire upper surface of the lancet-plate exposed to view, and the 
side-plates are situated alongside of it in the a 


same plane. But in other forms the lancei^plate 
is wholly, or to a very large extent, concealed by 
the side-plates (Fig. 255, B\ so that as a rule 
only a small space along the food-groove is visible. 
The sutures between the side-plates are indicated 
by shallow, horizontal furrows, which are con- 
tinued as superficial grooves over both halves of 
the lancet-plate as far as the median ambulacral 
groove. These crenulations, it should be noted, 
are frequently effaced in weathered specimens 
(Fig. 255, A and B). Small, pit-like depressions, 
or small tubercles, which are observable on the 




side-plates, indicate the places where the append- * P^nuio of Pentremites, miiarged ; 

r . T J* 1 . , , , 5, OrluUeiintcs nurmodi (O and S) with 

ages or pinnules were iormerly attached. These are perfectly preserved pinnules (after Meek 
only exceptionally found intact, but when pre- and Worfchm) ' 
served they completely conceal the ambulacral fields, and extend upward above 
the summit of the calyx (Fig. 256). They differ considerably in length, even 
among species belonging to the same genus. They are jointed structures like 
miniature arms, uniserial as far as observed, but with ossicles sometimes 
wedge-shaped and interlocking to some extent from opposite sides, thus 
simulating a biserial arrangement. Whether they performed the function of 
discharging the ova, like the pinnules of Crinoids, can only be conjectured. 
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The cren ulations, or file-like markings across the ambulacra in Pent relinks 
above noted, are not mere surface ornamentation* but the ridges constitute 
the sides, and the depressions the floor, of a series of small ducts leading from 
the pinnules, and forming lateral branches of the mam ambuhicral groove 
into which they discharge. These lateral ducts, as well as the main median 
groove of the ambulacrum, are, in well-preserved specimens, roofed over 
throughout the entire field by very minute alternating covering plates extend- 
ing all the way to the pinnules, and probably continuing along their ventral 
side. In this respect the structure of the ambulacral area has not been 
generally understood, and not heretofore correctly described. The arrange- 
ment of the side ducts, their discharge by a distinct curvature into the main 
groove, and their connection with the pinnules, leave no doubt that they 
were the closed food-grooves serving to conduct nutriment from the pinnules 
on toward the mouth. 

In most Blastoids the side-plates, or the outer side-plates when such are 
present, are pierced by marginal pores (or hydrospire pores), which communicate 
with the hydrospires. The pores are situated at the extreme outer margins 
of the plates, at the end of the lateral ridges, and 
alternate in position with the sockets of the pinnules. 

They are present in all forms having the hydrospires 
concealed within the calyx; but are absent in the 
Codasteridae, in which the hydrospires are wholly or 
in part exposed on the outer surface. 

The hydrospires (Figs. 257, 258) are bundles of 
flattened, lamellar tubes, extending underneath the 
lancet- and side-plates, in a direction parallel with 
the boundaries of the ambulacral fields. They begin 
at the lower end of the ambulacra, and terminate in 
the hydrospire canals, of which the spiracles form the 
adoral apertures. "When the spiracles are confluent, 
the canals of adjacent groups of hydrospires enter the 
same opening. The hydrospires are suspended in the 
majority of forms along the walls of the body-cavity 
{Pent remites, Fig. 257), being attached either to the 
outer margins of the under lancet-plate or to a separate piece known as the 
hydrospire plate {Orbit remites, J . Iesoblastvs and Cryptoblastus ). Pentremifes has 



Fig. 237. 

Pent remites Say. Lower 

Carboniferous : Illinois. Trans- 
verse section of calyx at about 
i <3 the height of the ambulacral 
fields. xl*2- 7-y. Hydrospires; 
L Lancet-plate; j/. Pore-plates; 
i*, Itadials. 
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Fig. 25S. 

Transverse sections through the ambulacral Helds, showing \anous forms of hydrospires. -I, Oihifrenvte ^ 
tlerityensib* J5, Orhit renutev ‘iioru'uutli. C, hn&itub. D, Uiojihocrinus reriu>. All sections enlaigeu 

(after Etheridge and Carpenter). 

from four to nine hydrospires in each group ; Orbit remites two, or exceptionally 
one ; Troostocrinus and Mesoblastus generally three, and Orophocrinus from five 
to seven (Fig. 258, A-D ). In PhaenoscJdsma and Cadaster (Fig. 260 ) the tubes 
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open externally by slits piercing the radials and deltoids and running parallel 
with the ambulacra. 

The functions of the hydrospires can only be surmised, but they are sup- 
posed to have served for respiration : they correspond doubtless to the pec- 
tinated rhombs and calycine pores of the Cystideans and to the respiratory 
pores of some Crinoids. It is probable that water was admitted to the 
hydrospire sacs through the marginal pores, and was discharged through the 
spiracles. Roemer and Forbes have suggested that the hydrospires may 
also have performed reproductive functions. Ludwig has called attention to 
the resemblance between the genital bursae of Ophiuroids and the slit-like 
spiracles in Orophocrinus ; his theory is that the hydrospires served both for 
purposes of respiration and for the discharge of genital products, a view 
which was also shared by Carpenter. 

The stem in Blastoids is preserved only in exceedingly rare instances. It 
is round, provided with a small axial canal, and composed of short joints, 
which apparently multiplied in a similar manner to that in the Crinoids. In 
Orophocrinus and Pentremites it has been traced for a length of 15 cm. without 
reaching the end; and in the latter form it has occasionally been found with a 
few, comparatively heavy cirri. A few genera, like Eleutherocrinus , are stemless. 

It has frequently been claimed, owing to the superficial resemblance of 
their ambulacral areas, that the Blastoids and Echinoids are mutually related ; 
but such presumptions are founded upon a total misconception of the value 
of external characters. The construction of the calyx, the presence of pin- 
nules, and the stemmed condition, are features which identify them unmis- 
takably as Pelmatozoa; and their nearest relatives under this group are the 
Cystideans. The parallelism between the ambulacral fields of the one class 
and the recumbent arms, apparently soldered on to the calyx of the other, is 
self-evident. The hydrospires of Blastoids correspond to the pore-rhombs of 
Cystideans, as has already been remarked ; and the position of the mouth and 
anus is the same in both types. The Blastoids constitute a peculiar, but, on 
the whole, a very well-defined group, which is now regarded as of equal rank 
with the Crinoids and Cystids. 

The earlier forms occurring in the Ordovician are primitive, representing 
transitions from ancestors of Cystid type, and having the characters of the 
two groups intermingled in varying degrees. In one genus, Asteroblastus, the 
presence of diplopores and lack of hydrospires are correlated with the presence 
of the Blastoid ambulacrum together with its bordering pinnules, and more 
strongly developed basals and radials. In another, Blastoidocrinus , the diplo- 
pores are replaced by hydrospires, thus further strengthening a line of 
development which becomes thoroughly established in the Silurian with the 
genus Troostocrinus . 

Several genera are represented in the Devonian; both of Europe and 
America. But the climacteric of Blastoid development takes place in the 
Lower Carboniferous of North America ; some of the beds of the Kaskaskia 
Group are densely charged with their remains, which, as a rule, are excellently 
preserved. They occur sparsely in the Upper Carboniferous and Permian of 
western America and the island of Timor, but above this horizon no traces of 
Blastoids have as yet been discovered. Nineteen genera, comprising upward 
of 120 species were recognised by Etheridge and Carpenter in their mono- 
graph of 1886, and a few have been added since. 
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r The last-named authors subdivided the Blastoids into Begularcs and 
Irregulares , an arrangement representing incidental variation rather than any 
broad morphological differentiation. That presented by Bather in Part III. 
of Lankester’s Zoology , 1899, appears to be more logical, and is followed in 
principle here. By separating the typical Blastoids, in which the character- 
istic calyx plates have become fixed at a small and definite number, from the 
earlier forms which have not attained that structure, two main divisions may 
be recognised, viz. : Protoblastoidea and Eullastoidea. Hudson, whose admirable 
studies upon Blastoidocrinus have thoroughly elucidated that hitherto obscure 
type, has suggested a third, Parablasfoidea , to express the differences shown by 
his researches between it and the other Ordovician forms. As the general 
division is a somewhat arbitrary one at best, it is thought that these differences 
are sufficiently emphasised by the family diagnosis. 

Order 1. PROTOBLASTOIDEA Bather (emend.) 

Calyx plates numerous , not limited to a definite number. 

Family 1. Asteroblastidae. 

Blastoidea with calyx plates indefinitely arranged above basals and radials, and 
having , along with pentamerous ambulacra 
and marginal brachioles, diplopores and 
pore-plate , but no hydrospires. Ordovician. 

Asteroblastus Eichw. (Fig. 259). Calyx 
gemmiform, pentagonal, pedunculate, and 
composed of numerous rigidly united 
plates which are perforated by conjugate 
pores. Upper surface marked by five 

l ar ff A nr ctfpl'hfp flrP oc xrhiVh AstercKast us atcUatus Eichwald. Ordovician; 

large peraioia or srenaie areas wnicn Pulko ^ a, Russia. Natural size (after Schmidt). 

are occupied by alternating plates, and 

bordered by sockets for the attachment of brachioles. Ordovician ; Russia. 

Family 2. Blastoidocrinidae Bather (emend.). 

Calyx plates more definitely arranged in four circlets , without diplopores or pore- 
plate, but with hydrospires present. Ordovician. 

Blastoidocrinus Billings (emend. Hudson). Calyx pentagonal, composed of 
four circlets of principal plates, viz. : (1) basals (number unknown); (2) 
radials with angular distal face, followed by (3) two large plates called bi- 
brachials, with numerous interbrachials in each interradius ; and (4) very 
large triangular deltoids, with hydrospire-slits at their lower margins 
Adambulacrals, heavy covering plates, and some additional plates in the oral 
portion. Ambulacra large, bordered with numerous brachioles or pinnules. 
Base invaginate, with strong column occupying the concavity. Ordovician 
(Chazy Group) ; Canada and New York. 

Order 2. EUBLASTOIDEA Bather. 

Calyx plates limited to a definite number of about thirteen. Hydrospires always 
present 
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Family 1. Codasteridae Etheridge and Carpenter. 

Base usually well developed, and sometimes very long. Ambulacra without 
marginal pores. Hydrospire-folds coming to the surface of the radial sinus. 
Hydrospire-slits either wholly exposed , piercing the calyx plates along the sides of 
the radial sinuses , or restricted portions of them remain open as spiracles , while 
the remaining parts are concealed by the ambulacra. Devonian and Lower 
Carboniferous. 


Coclaster M‘Coy ( Codonaster Roemer ; Heteroschisma Wachsm.) (Fig. 260). 
Calyx inverted, conical or pyramidal. Upper face broad, truncate or gently 
convex ; section, as a rule, distinctly pentagonal. Basals forming a conical or 
triangular cup, usually deep. Radials large, their limbs bent inward horizon- 
tally, to assist in forming the truncated upper face of the calyx, and never 
deeply excavated by the sinuses. Deltoids wholly confined to the upper face, 
as are also the ambulacra. The latter are petaloid, or narrow and linear ; 
lancet-plate, as a rule, deeply excavated for the side-plates. Spiracles absent, 


A C 



Fig 2u(I. 


Cuthtster acutus II ‘Coy. Lower Carbonifer- 
ous ; Derbyhhue. A, Side-view of calyx. B, 
Base. C, Vemral aspect, enlarged (after 
Itoemer). 
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Fig. 261. 

Orojihocrmvs atcllijarmi* (O and S ). Lower 
Carboniferous; Burlington, Iowa. J, Calyx and 
base of the natural size. B, Ventral surface en- 
larged (alter Meek and Wortlien). 


hydrospires pendent, arranged in eight groups, two in each of the four 
regular interrays, hut wanting in the anal one. The tubes open externally 
by a variable number of elongated slits, which are separated by intervening 
ridges ; one or more of them may be partially concealed by the overlapping 
side-plates. Anus large, ovate or rhombic, and piercing the posterior deltoid. 
Ornament consisting of fine lines arranged parallel to the margins of the 
plates. Silurian to Lower Carboniferous ; Europe and North America. 

Phaenoschisma E. and C. (Fig. 254, B). Calyx resembling that of Codaster 
in general form, but with ten groups of hydrospires instead of eight. Radials 
bear each three more or less distinct folds diverging from the lip; sinuses 
wide and deep, generally with steep sides. Deltoids small, confined to the 
truncated upper face of the calyx. Lancet-plates in all but one species 
(P. caryophyllatum) concealed by the side-plates ; outer side-plates very small. 
Spiracles rarely present. Hydrospires pendent, and opening externally by a 
series of elongate slits with intervening ridges, distributed in sub-parallel 
order on the sloping sides of all the radial sinuses. The slits are only 
partially covered by the ambulacral plates, and are sometimes visible for their 
entire length. Lower Devonian ; Spain. Lower Carboniferous ; Europe and 
North America. 
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Cryptnschisma E. and C. Calyx elongated, with a broad, tiat, truncated 
upper face. Radial sinuses wide and open, their sloping sides pierced by 
hydrospire slits, which are completely concealed by broad, petaloid ambulacra. 
Spiracles small, single or more rarely double ; in the latter ease the posterior 
pair are confluent with the anus. Represented by the solitary species 0. 
schulki d’Archiac and de Vern. Lower Devonian : Spain. 

Orophocrinus v. Seebach (Dimorphociinus d’Orb. : CoJonites M. and W. ), 
(Figs. 258 D, 261). Calyx balloon-shaped to truncate ob-pyramidal, with 
more or less concave upper face. Section distinctly pentagonal or stellate. 
Ambulacra narrow, linear to sub-petaloid. Deltoids generally visible in side- 
view, the posterior one wider than the others. Spiracles ten, varying from 
wide clefts along the sides of the ambulacra to narrow slits at their upper 
ends ; the posterior pair separate from the anus. Hydrospire-slits almost 
completely concealed, being concentrated at the bottom of the radial sinuses. 
Stem round, composed of short, nearly equal joints. Pinnules extending to 
nearly twice the height of the calyx, of uniform thickness throughout, and 
composed of sharply cuneate pieces interlocking from opposite sides ; ventral 
furrow wide, and covered by small pieces. Lower Carboniferous ; Britain, 
Belgium and North America (Kinderhook and Burlington Groups). 


Family 2. Pentremitidae d’Orbigny. 


Base usually convex , and often much elongated . Spit odes five, hut sometimes more 
or less completely divided by a median septum , and bounded proximally by the upper- 
most side-plates. Lancet-plate either entirely visible or partially covered by side-plates 


which extend to the margins of the ambulacra. 
Eydrosphes concentrated at the lowest part of the 
radial sinus. Devonian and Lower Carbon- 
iferous. 

Bentremites Say (Figs. 254-7, 262-3). 
Calyx usually ovate or pyriform, with elon- 
gate, sub-truncate base. Ambulacra broad, 
sub-petaloid. Lancet-plate wholly exposed, 
and resting below on an under lancet-plate. 
Side-plates and outer side-plates numerous, 
the former abutting against the edges of the 
lancet-plates. Hydrospires three to nine ; 
spiracles single, or occasionally double ; the 
two of the posterior side confluent with the 
anus, and forming with it a single large 
orifice. Oral centre surmounted by numerous 




spines, placed closely against one another so FlG * 2C ‘ 2 * Fig> 263> 

as to form a pyramid, which completely covers B %Zt re ' p evilC ,JJ ' 
the summit and the greater portion of the bower Carbon- Kotmiei- Lower Carbon- 
spiracles. Excessively abundant in the Lower (Xat size). aspect, n, base. 


Carboniferous of North America (Burlington 

to St. Louis and Kaskaskia Groups), but not identified in Europe. P. godoni 
Defrance, and P. pyriformis Say, are the most familiar species. 

Pentremitidea d’Orb. Calyx clavate-pyramidal, with elongate, usually 
conical base, and truncate or convex upper face. Ambulacra narrow, short; 
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lancet-plate more or less completely concealed by side-plates. Deltoids very 
small, generally confined to the upper face of the calyx, and seldom visible in 
a side-view. Spiracles and hydrospires as in the preceding. Lower and 
Middle Devonian ; Eifel, Ardennes, Spain, Great Britain and North America 
(Hamilton Group of Indiana, Michigan, Canada). P. pailletti de Yern.; P. 
eifelianus Roemer ; P. clavatus Schultze. 


Family 3. Troostoblastidae Etheridge and Carpenter. 

Calyx elongate . Ambulacra narrow , linear , deeply impressed , descending out- 
ward from the summit. Deltoids confined to the narrow upper end , rarely visible 
a externally , except the posterior one in Troostocrinus. Lancet- 

plate entirely concealed by side-plates. Spiracles distinct , repre- 
sented by lineal slits at the sides of the deltoid ridge , and 
bounded by deltoids and lancet-plates , but not by side-plates. 
Silurian to Lower Carboniferous. 

Troostocrinus Shum. ( Clavaeblastus Hambach) (Fig. 
264). Calyx narrow, elongate, somewhat fusiform, with 
contracted, subtruncate, or slightly convex upper face. 
Ambulacra short. The four anterior deltoids overlapped 
by the radial limbs ; the posterior one much larger than 
the rest, and appearing externally. Posterior spiracles 
confluent with the anus. Silurian (Niagara Group) ; 
North America. 

Metablastus E. and C. (Fig. 258, C). Like the preced- 
ing, but all the deltoids equal, and the two posterior 
spiracles not confluent with the anus. Spiracle slits ten 
in number ; hydrospires four to each side of an am- 
bulacrum. Devonian to Lower Carboniferous (Keokuk 
Group) ; Europe and North America. 

Tricoelocrinus M. and W, ( Saccoblastus Hambach). Calyx 



an+sp 


Fig. 264. 

cfroost)! c? ^SiiunanT Ten- pyramidal, broadest below and narrowing upwards; when 
S ee 'ASnmm!r a ?p a ect! seen from above or b elow strongly pentagonal in outline, 
AU ? elto A°J ow i n g to the projecting and carinated character of the 
radials. Deltoids small ; ambulacra 
long, and extremely narrow. Spiracles ten, distinct ; anus 
large. Hydrospires small, enclosed within the substance of 
the forked plates. Lower Carboniferous (Warsaw Group); 

North America. 

Family 4. Eleutherocrinidae Bather. 

Elongate , stemless , asymmetrical ) with four narrow ambulacra ; Fl<1 - a0£i - 

* - * - rr 7 • j. Ehutherorrinvx msse- 

Mydro spires not con - eZ«yt(Shum. and Yand.). 

Lower Devonian ; Ky. 
Ventral surface, y/i 
(after E. and C.). 



fifth ambulacrum shortened and widened, 
centrated . Devonian. 

Eleutherocrims Shumard and Yandell (Fig. 265). 

Devonian (Hamilton Group); Indiana, Kentucky, New York and Canada. 


Family 5. Nucleoorinidae Bather. 

Calyx usually globular or ovoidal , with flattened or concave base , and linear 
ambulacra extending the whole length of the calyx. Spiracles distinctly double , and 
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chiefly ornied by the apposition of notches in the Jo ncetplote a nd deltoids. Devonian 
and Carboniferous. 

Nucleocrinus Conrad ( Elaeacrinus Eoemer ; Oliva tubs Troost) (Fig. 266). 
Basals small, inconspicuous, sometimes hidden within the columnar cavity. 
Eadials small, with very short limbs. Deltoids 
greatly enlarged and elongated, forming over 
two-thirds of the entire calyx ; the posterior one 
wider than the others, and divided by a large 
anal-plate. Lancet-plate exceedingly long and 
narrow, partly exposed. Side-plates numerous ; 
hydrospires two on each side of the ambulacra. 

Summit covered by comparatively large orals, 
asymmetrically arranged and forming a flattened 
disk which completely closes the peristome. 

Devonian (Onondaga and Hamilton Groups) ; 

Indiana, Michigan, New York. 

Schizoblastus E. and C. (G fibroblast us Ham- 
bach). Calyx resembling that of Orbitremites in 
form. Basals almost always confined to the 
lower face of the calyx ; deltoids of variable 

size, but always visible in a side-view. Hydro- Devonian; Columbus. O. cafrerRoemer). 
spires one to four to each ambulacrum. Spiracles ventral surface. i>. &uue enlarged, 
small, slit-like, placed between the lancet-plates 

and deltoid ridges; the posterior pair sometimes confluent with the anus. 
Lower Carboniferous ; Ireland and North America (Kinderhook to Keokuk 
Groups) ; Permian, Timor. 

Family 6. Orbitremitidae Bather. 

Calyx globular or ovoidal, with flattened or concave base , and long linear 
ambulacra . Spiracles five, piercing the deltoids, or ten , grooving their lateral edges . 
Lower Carboniferous. 

Orbitremites Austin ( Granatocrinus Hall ex Troost MS. ; Cidaroblastus and 
Globoblastus Hambach) (Figs. 253 A, 258 A ). Calyx ovate to globose. Lower 
face from slightly concave to deeply funnel-shaped ; interradial areas more or 
less depressed. Basals small, generally concealed in the central columnar 
cavity. Eadials very variable in size, often long, and invariably turned in 
below to assist in forming the base. Deltoids also variable ; usually unequally 
rhombic, but sometimes triangular ; the anal deltoid frequently differing from 
the others. Ambulacra nearly parallel-sided, always impressed within the 
sinuses at their proximal ends. Lancet-plates narrow, not filling the sinuses, 
and more or less exposed throughout two-thirds of the ambulacra. Side-plates 
transversely elongated; outer side-plates generally well developed. Hydro- 
spires pendent, usually but two or three folds on each side of an ambulacrum ; 
the inner one forming a well-defined hydrospire-plate. Spiracles five, piercing 
the apices of the deltoids. Posterior spiracle larger, including the anus. 
Summit closed by minute pieces which rarely exhibit any definite arrange- 
ment. Lower Carboniferous ; England and North America (Burlington 
Group), (?) Australia. 
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Cryptoblastus E. and C. Calyx sub-globose, with a flattened or slightly 
hollowed base. Basals and deltoids small. Lancet-plate separated from the 
radials by a hydrospire-plate, which does not extend above the radio-deltoid 
suture ; but above this line the lancet-plate meets the deltoids without leaving 
any hydrospire-pores. Spiracles round, distinctly double at four of the sides, 
but those of the posterior side confluent with each other and with the anus. 
Summit covered by numerous, irregularly arranged small pieces. Lower 
Carboniferous (Burlington Group); North America. 

Heteroblastus E. and C. Resembling the preceding in form and proportion 
of its component parts. The proximal ends of the deltoids produced in short 
spine-like processes, at the base of which minute lateral openings, one to each 
deltoid, are visible. These openings lead into gutter-like channels excavated 
in the substance of the plates for the reception of the proximal ends of the 
two hydrospire -canals. Radial sinuses wide, their edges sloping gently 
downwards to the slightly petaloid ambulacra. Lower Carboniferous ; 
England and (?) North America. 

Mesollastus E. and C. Calyx ovoid to globose, with concave to protuberant 
base. Radials long, deltoids small, short, unequally rhombic. Ambulacra 
very narrow, extending to the base. Spiracles, as a rule, distinctly double, 
but sometimes incompletely divided. Lancet-plate entirely, or for the most 
part, concealed by side-plates. Lower Carboniferous; Belgium, England, 
(?) North America and Australia. 

Acenirotremites E. and C. Calyx elliptical, with broad pentagonal lower 
face. Radials large, taking up three-fourths of the height of the calyx. 
Deltoids unequally rhombic, each notched by two spiracles at the ends of the 
radio-deltoid suture. Anal opening situated close to the summit in the 
posterior deltoid. Ambulacral edges of the deltoids without hydrospire-pores. 
Lower Carboniferous ; England. 

Carpenteroblastus and Lophoblasius Rowley. Lower Carboniferous (Kinder- 
hook and Burlington Groups) ; North America. 

(?) Nymphaeoblastus von Peetz. Lower Carboniferous ; Russia. 

Family 7. Pentephyllidae Bather. 

Calyx stemless and sub-pentagonal; radials asymmetrical. Ambulacra linear, 
extending down to the base ; one shorter than the rest . Carboniferous. 

Pentephyllum Haughton. Carboniferous ; Ireland. 


Family 8. Zygocrinidae Bather. 

Stemless. Calyx depressed , asymmetrical , quadrilobate. Four ambulacra 
between the lobes , accompanied by a single hydrospire on either side ; fifth ambulacrum 
shortened and widened . 

Zygocrinus Bronn ( Astrocrinus Austin, non Conrad nec • Munster). Lower 
Carboniferous ; Great Britain. 

[The text for the group Blastoidea in the present work lias been revised by Mr. Frank 
Springer, oi Las Vegas, New Mexico, and Washington, D.C. -—Editor.] 
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Class 3. C BINOIDEA Miller. Sea-irik^ 

(Brarhiata 3ronn; Adi no bleu F. Roemer.) 

Usually long-stalked , more rarely non-peduuculute and sessile , jripindhj fne- 
swimming Pelmatozoa , with calyx composed of regularly a/ ranged plaits* tvA prodded 
with well-developed movable arms. 

The Crinoid organism consists of three principal elements — calyx, arms 
and stalk. The calyx and arms together are sometimes spoken of as the 
crown, as contrasted with the column (also called stem or stalk). 

1. The Calyx. — The calyx has usually the form of a cup-shaped, bowl- 
shaped, or globular capsule, within which the more important organs are 
enclosed. Its lower (dorsal or abactinal) surface commonly rests upon a 
column (Fig. 267); but in some forms it is attached directly by the base, 
and in rare instances it is free. The superior (ventral or actinal) surface is 
either membranous or plated ; it carries the mouth and ambulacral grooves, 
and hence is homologous with the under side of a star-fish or sea-urchin. As 
a rule, only the inferior and lateral portions (dorsal cup) of the calyx are 
visible, owing to the concealment of the summit by the arms. The cup 
is constituted of two or more circlets of plates, which are uniformly oriented 
with reference to the ambulacral organs. 

a. By the base is understood the one or two circlets of plates intervening 
between the topmost joint of the column and the first cycle of radially situated 

1 Literature : Miller, J. S., A Natural Hi&tory of the Crinoidea or lily-sliaped Animals, 1S21. — 
Muller, J., Ueber den Bau des Pentacnnus caput- medusae. Abhandl. Akad. Wiss Berlin, 1S41 
— de Koninck, L . G., et le Hon. H., Recherches snr les criuoides du terrain carbomfere de la Bel- 
gique. Brussels, 1854. (Very extensive bibliography.) — Be it rich, E., Die Cnnoideen des Muschel- 
kalks. Abhandl. Akad. Wiss. Berlin, 1857. — Schultze . L ., Monographie der Eckmodermen des 
Eifler Kalks. Denksehrift Akad. Wiss , 1867, vol. xxvi. — Shu mar d, B. F., Catalogue of Palaeozoic 
Echmodermata of North America Tians St Louis Acad. Sci., 1S6S, vol. li. Wery complete 
bibliography.) — Carpenter , IF. B., On the Structure, Physiology, and Development of Antcdun 
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plates at the base of the ambulacra or arms. When the base is monocyclic 
(Fig. 268) the position of the proximal ring of plates is interradial; but when 



Pw. 267. 


Eu'lHi'orrinub s pir- 
ahs Ang. Stalked 
Crinoid with dicyclic 
bat>o and anal Inter- 
radius. «, Anals , ?>, 
Basals; ill, Infrabasals, 
/*, Radials. (Right and 
left sides reversed, 
after Angelin ) 



Pro. 2GS. 


Oactoci mus pruhnaculMlu> (Hall). Projec- 
tion of calyx shoving the three basals (&), 
5x3 simple ladials (? ), lour paued mteirays 
( ir ), and a hfth unpaired anal mterray (ri). 



Pig. 269. 

Pw'hylQcnnub in ult.ipkx 
(Trnnt). Calyx with dicy- 
clic base, radials, costals, 
and distichals. 


dicyclic it is radial, and the upper ring corresponds with the basals of mono- 
cyclic forms (Fig. 269). 

In the nomenclature of P. Herbert Carpenter, the upper series of plates in 
the dicyclic base are properly termed basals , and the lower series infrabasals 
( underbasals ). The basals as thus defined are equivalent to the “ parabasals ” 

in the older nomenclature of Johannes Muller, 
and to the “ subradials ” of de Koninck and 
other authors. 

Both basals and infrabasals are primarily five 
in number ; but owing to the supposed morpho- 
logical (rarely if ever actual physical) fusion of 
two or more of the plates, the number of basals 
in the monocyclic forms may be reduced to four, 
three, two, or even to a single undivided plate ; 
and that of infrabasals in the dicyclic to three. 
During the ontogenetic development of the Recent 
Antedon , a more or less complete resorption of the 
basals has been observed, which ultimately results 
in their passage from the dorsal to the ventral 
side of the so-called chambered organ, where they 
are again rebuilt, becoming a curious plate-like structure known as the 
rosette; and the same probably also was true for certain Mesozoic genera 
(Eugeniacrinus, Phyllocrinus). In many of the non-pedunculate Crinoids 
( Uintacrinus , Marsupites^ Fig. 270) an additional plate known as the centmle 
rests against the infrabasals, and probably represents an undeveloped stalk 
with one another and with the overlying radials bj 
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very numerous short fibres of connective tissue, which may become more or 
less calcified ; this forms an immovable union of the type known as a close 
suture, in which the plates are immovably held together by fibrous con- 
nective tissue. Though usually smooth, the joint faces are sometimes 
striated, which striations are visible externally as incised lines. 

b . Succeeding the base is a cycle of five (rarely four, six, or ten > plates, 
which, on account of their position with reference to the rays, are called 
radials . The radials form the sides (more rarely the floor) of the calyx 
in nearly all Mesozoic and Recent Crinoids, and give origin directly to 
the arms, which may become free immediately above the radials, or may be 
incorporated for some distance in the calyx, either by means of supplementary 
plates, or by lateral union among themselves. 

The upper boundary of the calyx is differently demarcated by different 
authors. Many assign all the plates above the first cycle of plates in each 
ray to the arms, even when they are immovably united with one another at 
the sides ; while, according to Schultze and others, the anus begin invariably 
at the point where they first became movable, i.e. above the first articular 
facet. The latter course is open to serious objections, inasmuch as strictly 
homologous parts receive different appellations in different groups. 

Carpenter, Wachsmuth and Springer, and Bather restrict the term u radial ' 5 
to the lowermost circlet of radially situated plates, and consider the succeed- 
ing cycles as far as and including the first axiliary plate as brachials (dis- 
tinguished as first, second, and third costals, distichals, and palmars ; or as 
first, second and third primibrachs (IBr), secundibracbs (IIBr), and terti- 
brachs (IIIBr) respectively), in all cases, whether the plates are free or 
fixed. 

In most Paleozoic Crinoids one or more interradial plates are intercalated 
between two of the rays, and in line v ith the anal aperture ; these are called 
the anal plates or anals . If a plane be passed through the latter and through 
the radial situated directly opposite, the calyx will be divided into two 
symmetrical halves : the parts lying to the right or left when viewed from the 
posterior or anal side are so designated ; while the anterior side is that oppo- 
site the anal interray. Interradial plates, however, are not confined to the 
anal interray, but are frequently developed also between the other rays, when 
the calyx is fcorrespondingly expanded. If several cycles of radials and 
brachials are present, an equal number of interradials may be developed, and 
are distinguished in like manner as interradials and distichal interradials of 
various orders. The anal interray is frequently characterised by the peculiar 
number, size and position of the anal plates. 

c. The superior side of the calyx is known as the tegmai cahjcis . The 
covering may be in the form of a coriaceous skin, in which large numbers of 
thin calcareous ossicles are embedded (Figs. 271, 272), or of a plated disk 
rising from the base of the arms. It frequently exhibits a more or less 
central, externally visible mouth-opening, and a usually eccentric interradial 
anal aperture. The mouth opens into an oesophagus and thence into the ex- 
panded visceral mass, which fills the greater portion of the inner cavity. The 
intestinal canal is directed downwards at first, and after making usually one 
complete circle, more rarely after numerous windings, discharges into the 
anal opening. In certain fossil Crinoids (Actinocrinidae) the digestive appara- 
tus is represented by an extremely thin-walled, finely perforated, convoluted 
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calcified body, which occupied the vertical axis of the body cavity, and was 
contracted into a narrow tube toward the base (Fig. 280). 

In all of the Recent Crinoids (excepting in certain species belonging to the 
family Comasteridae where they may be quite absent from the arms arising from 
one, two, or even three of the posterior rays) each arm, and each pinnule 
which it bears, carries on its ventral surface an open ambulacral furrow lined 
with ciliated epithelium. At the base of the arms these ambulacral furrows 
unite and form five large furrows, which, traversing the tegmen, converge at 
the central mouth, or, as in the Comasteridae, lead to a horse-shoe shaped 
furrow just within the border of the tegmen in the centre of which is the 
mouth. Just below the floor of these furrows runs a nerve band (absent from 
ungrooved arms), and under this the genital rachis (especially developed in 
ungrooved arms), and the canals of the water and blood vascular systems ; 
below these, deeply buried within the substance of the calcareous plates, lies 
the large nerve cord of the dorsal nervous system. All but the last of these, 
which leads to a central nervous mass in the dorsal apex of the calyx, run to 
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Hyornnus bethehanus (Wyv Tliom ) Re- 
cent. Ventral disk, enlarged, o, Orals ; p, 
Mouth (pet ixtome ) , s, Covenng plates; r, 
Dorsal canals of the arms , am, Ambulacral 
fm rows of the arms ; an, Anus (after Wyville 
Thomson). 


ring-like structures surrounding the oesophagus. The circumoesophageal ring 
canal of the water vascular system is in communication with the body cavity,' 
which in turn communicates with the exterior by means of very numerous 
(five only in Rliisocrinus) interradial perforations. The margins of the 
ambulacral grooves are bordered with a series of small lappets, and at the 
base of each of these is a group of three tentacles ; these tentacles, which are 
absent from ungrooved arms, are connected with the canal of the water 
vascular system ; they also secrete a more or less poisonous fluid which serves 
to paralyze the small organisms which serve as food. 

In all Recent Crinoids five (occasionally four) open ambulacral furrows 
lined with epithelium conduct from the mouth to the tips of the arms, 
remaining either simple or subdividing as often as there are arms. Under- 
neath the floor of the grooves runs an ambulacral vessel filled with water ; 
and accompanying this are the blood and vascular canals and a nervous cord. 
Distensible tentacles pass out from alternate sides of the ambulacra, and the 
latter unite to form a circumoral ring canal. From the ring canal five short 
open tubes (stone or water canals) extend downwards into the body cavity and 
supply the ambulacral system with water. 


CLASS III 


CRIXOIDEA 


ITT 


In certain of the Recent stalked genera, as in Byoa inns tFhr. 272), in 
the young of all the Recent species, and in a large number of fossil Crinoids, 
a triangular oral plate is situated at each of the five angles of the mouth-open- 
ing. The apices of the otals are directed towards one another, and between 
them run the ambulacra. Oral plates are extremely variable in size ; and 
although well-developed in the larvae of the Comatulids and in the young of 
many of the stalked species, they become wholly resorbed before maturity. 
In a number of Paleozoic Crinoids (Fig. 275; the summit is entirely or in 
large part composed of five oral plates which may be either laterally in 
contact or separated by furrows. More frequently, however, the orals occupy 
only the angles of the mouth-opening, the remaining area between the 
ambulacral furrows being covered with more or less regularly arranged 
intemmlulacral plates (Fig. 272). In most of the Paleozoic Camerata, and in all 
the Recent species, the anus is placed at the upper end of a tube known as the 



Fin. 273. 

Lecyfhoo mus ctfelumus 
Muller. Cnnoid with elon- 
gated anal tube (after 
fcJcliultze). 



Fig. 274. 

Dorycrinus quinqueldbus (HaH). 
Specimen showing plates of the teg- 
men and eccentric anus. 




Fig. 275. 


0 seoci't ii \ rnoareus 
Roeru. Devonian ; 
EifeL Calyx with ven- 
tral pavement. X -/i 
(after Schultze). 


anal tube or proboscis. In the Fistulata, however, the anal opening is situated 
along the anterior side of the ventral sac, or between the sac and the mouth. 

Of the interambulacral plates a greater or smaller number (in Calamocrinus 
all in the vicinity of the mouth) are perforated by pores for the admission 
of water into the body cavity. Pores evidently performing a respiratory 
function occur in some of the Fistulata ; but these, instead of piercing the 
body of the plates, enter only their outer angles. Other Fistulata have a 
madreporite. 

The ambulacra are frequently lined along their sides by more or less 
rounded covering plates which are capable of being folded down over them 
so as to serve as a protection ; these covering plates are, at least in the 
Recent forms, perisomic plates developed in the marginal ambulacral lappets ; 
they may occur alone, as in the genera BMzocrinus, Nemaster , etc., but they are 
usually separated from the pinnulars or brachials by a second series of squarish 
or oblong plates known as the side plates. Both series of plates occur every- 
where along the ambulacral grooves, but they become irregular and ill-defined 
on the disk. In the Paleozoic Taxocrinus (Fig. 276), the covering pieces are 
VOL. I X 



178 


EOHIN ODEUM ATA — PELMATOZOA 


PHYLUM IV 


arranged in alternate rows, with side-pieces adjoining them. The latter plates 
occur also in most of the Inadunata and Flexibilia, but are rarely represented 
in the Camerata. The mouth may be exposed or closed; either being 
surrounded by five oral plates ( Taxocrinus , Fig. 276), or the posterior oral may 
be pushed in between the four others, so as to conceal the mouth ; the latter 
is then said to be subtegminal (Fig. 277). 

A very remarkable modification of the ventral disk occurs in the Paleozoic 
Camerata. Here the usually very numerous plates attain considerable thickness, 
and fit into one another like the stones of an arch to form an extremely rigid, 
more or less convex vault, which is sometimes surmounted by an equally rigid 
plated proboscis. At the apex of the dome five large-sized plates are often 
distinguishable, of which that lying in the anal interradius commonly differs 
from the rest in form and size, and appears to be wedged in amongst the others. 
These five plates are identified by Wachsmuth and Springer as orals. The 
remainder of the tegminal plates are distinguished according to their position as 
ambulacrals and interambulacrals ; in most of the Batocrinidae the ambulacrals 
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ius W. and Sp. Ventral 
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Platycnnus hallt Shum. Projection 
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Hescacrinus elongatus Goldf. Calyx 
with tegmen. a, Profile ; b, Viewed 
from above. 


are not arranged in alternate rows (Fig. 279), hut frequently consist of 
large single plates of one or more orders, which are separated from one 
another by the continuous interposition of supplementary pieces. In other 
groups, notably the Platycrinidae, the ambulacrals are generally arranged in 
two rows of rather large plates, which, however, lose their original character 
to some extent. The interambulacrals usually meet with the interbrachials. 
The tegmen of the Camerata, as a rule, is composed of large convex or nodose 
plates, for the identification of which considerable experience is required. 

Most of the Paleozoic Crinoids have but a single opening in the tegmen, 
which is interradial in position, or sometimes central, and represents the anus. 
With the exception of the Flexibilia the mouth is subtegminal, and the food 
grooves are rigidly closed. In many cases the covering pieces are pushed 
inward, and the ambulacra follow the inner floor of the tegmen, forming a 
skeleton of ramifying tubes ; these are conducted along open galleries from 
the mouth to the arm-openings (Fig. 280, A). 

2. The Arms (. Brachia >). — The arms of the Crinoid body form the immediate 
prolongation of the radials. The plates of the arms are termed brachials , and 
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are arranged either in single or double alternating rows • and hence are spoken 
of as nniserial (Fig. 281, A), or as biserial (Fig. 281, _£). The plates of the 
uniserial arms may be either rectangular or cuneiform, the major ends being 
directed alternately to the right and left. In biserial arms the smaller ends 
of the plates meet midway, so as to form a zigzag suture. The arms invariably 
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begin uniserially, the biserial structure being gradually introduced in an upward 
direction. They either remain simple, or branch in various ways ; the plates 
upon which a bifurcation takes place are called axillaries . 

In the Camerata, the more highly organised Inadunata, and in all Eecent 


hi! B 
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A, Carpocnnus comtus Ang., showing tmi- 
senal arms. B, Callicnniis eontatus Hismg., 
with bisenal arms (after Angelin). 



Fig. 2S2. 

Plated ambulacral furrows of the 
arms, a, h, Cyathormizis 
Ang., showing covering pieces; 
c, Gi^ocnitus arthritic'^ Hiding., 
with covering pieces. All figures 
enlarged. 


Crinoids, the arms are furnished with pinnules, which are given off alternately 
from opposite sides, -usually one to each arm-plate, more rarely on alternate, 
or on every third arm-plate ; sometimes they are partially or entirely absent 
from the lower portion of the arms. The pinnules are jointed appendages, 
which at least basally repeat the general structure of the arms, and in living 
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Crinoids lodge the functional portion of the genital organs. When two or 
more arm-joints meet transversely by a rigid suture, and only the upper one is 
pinnule-bearing, those joints form a syzygy , whether their apposed faces are 
striated, dotted or smooth. The lower joint bearing no pinnule is called the 
hypozygal joint, the upper one the epizygal ; and the two together constitute 
physiologically but a single segment, as is shown by the unaltered alterna- 
tion of the pinnules. 

The ciliated ambulacral furrows of the arms enter by the arm-openings 
into the tegmen, and all converge to the mouth. Food-particles, consisting 
chiefly of diatoms, infusorians and microscopic crustaceans, are propelled along 
the furrows and into the body by the action of the cilia. 

In all [Recent and in numerous fossil Crinoids the brachials and pinnulars 
are perforated by a single, or in some cases by a duplicate, canal ( central canal) 
containing the dorsal nerve cords, which give off four delicate branches 
within each segment. The dorsal canal extends also into the radials and 
basals, perforating the plates when they are thick, and running in a shallow 
groove on the inside when thin. So far as has been observed, the axial 
canals begin uniformly in the basals, where they divide dichotomously ; but 
in the radials the branches generally reunite to form the so-called ring canal 
(Fig. 829). 

3. The Column. — The stem or column attains in some forms ( Pentacrinns ) a 
length of a number of metres; but in others it is much abbreviated, or 
even atrophied, so that the calyx is either directly adherent by the base 
(i Cyathiclium , ffolopus), or is destitute of all means of attachment (Agassizocrinus, 
Uintacrinus, Marsupites , the Comatulids). The stem is composed of usually 
short segments, having either circular, elliptical or angular (especially penta- 
gonal) cross-sections, and being sometimes of uniform and sometimes of variable 
proportions. Lateral appendages, called cirri, are present in numerous forms, 
being given off either singly or in whorls at regular intervals along the 
periphery. The larger and all cirrus-bearing segments are called nodals , and 
those interposed between them the internodals. The distal end of the stalk 
may taper gradually to an apex, in which vicinity fine radicular cirri are 
commonly developed, or it may be thickened at the extremity so as to form a 
bulbous or branching root, or a heavy, solid, terminal stem plate, or dorso- 
central. Growth is accomplished by the insertion of new joints at the 
proximal end of the stem, either just beneath the calyx, or both here and 
between the earlier formed joints, the earlier segments becoming at the same 
time gradually enlarged. The last-formed joints are commonly of smaller 
size than those situated more remotely from the calyx. 

Like the brachials and pinnulars, all the joints of the stem and cirri are 
pierced by a (usually central) longitudinal canal which is circular, oval or 
pentagonal in cross-section, and communicates with the peculiar dorsal 
chambered organ which in the Comatulids is situated within the centrodorsal, 
and in the stalked forms within the calyx just above the summit of the 
stem. The outer walls of the* chambered organ are composed of nervous 
tissue, and form the central organ 6f the dorsal nervous system which 
innervates all the dorsal structures ; within the chambered organ is divided 
by partitions into five sections, and is continued ventrally as a thick tube 
of uncertain function, known as the central plexus, to near the inner surface 
of the disk, where it ends blindly. 
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All of the calcareous elements of which the dorsal skeletal system is com- 
posed are developed within a uniform organic base : with the giowth of the 
plates this within them becomes a diffuse network, and between them forms 
a mass of strong connecting fibrils which bind the plates together. 

In the so-called sutures between the calyx plates, in the intereolumnar 
articulations in many of the older types ( Enerinus , etc.), in the syzvgies between 
the brachials in many forms, and just below the cirrus-bearing joints in the 
stems of the Pentacrinites, these fibrils are all of uniform length and uniformly 
distributed over the joint face; but usually there is a differentiation of the 
fibrils by which they become more or less segregated into radial groups, as in 
the stems of Pentacrinites ; or they become elongated and differentiated into two 
comparatively dense masses separated by a strong fulcral ridge, and assume a 
more or less contractile function as in the stems of such genera as Bhkecriruis 
and Platycrinus , in the # cirri of the Pentacrinites and Comatulids, and in the 
pinnules beyond the second joint in many forms. Between the brachials they 
are usually differentiated into two distinct types, one of which, occupying the 
entire dorsal half of the joint face (the dorsal ligament) is comparable to one 
of the two masses in the type just described; while the other, occupying two 
more or less triangular areas, one on either side of the central canal and just 
ventral to the transverse ridge by which they are separated from the preced- 
ing (the interarticular ligaments ), is much more dense, and serves to bind the 
brachials tightly together. 

In addition to these ligamentous connections there are, between the 
brachials, two muscular bundles situated on the ventral border of the joint 
face, distal (ventral) to the interarticular ligament masses. Whereas the 
ligament bundles are developed directly from the original uniform body 
investment in which the calcareous elements are formed, the muscular bundles 
have an entirely separate origin. 

In certain of the older forms the proximal segments of the column 
occasionally exhibit simple vertical clefts, which indicate an original quin- 
quipartite composition. These divisions always occur alternately with those 
of the basals in monocyclic, and with those of the infrabasals in dicyclic 
forms. The entire crinoid stem is probably the homologue of a single apical 
calyx plate, which has been reduplicated by a curious process of serial repeti- 
tion common among the Echinoderms. 

Ontogeny. — Although we are as yet acquainted with the life-history of but 
three species, all belonging to the genus Antedoa , and although the life- 
history of but two of these {A. mediterranea and A. adriatica) is well under- 
stood, the phenomena of their development are of such significance as 
to shed most valuable light upon many conditions observed in fossil 
Crinoids. 

The eggs, extruded from the ovaries and hanging in little groups from the 
genital pinnules, are fertilized externally, and the early metamorphosis of the 
larva takes place within the egg membrane. At the time of the rupture of 
the egg membrane and its consequent escape the embryo (a gastrula) is elongate- 
oval in form, bilaterally symmetrical, bearing an anterior tuft of cilia and 
encircled by five ciliated bands, resembling somewhat the larvae of certain 
annelids. Internally there are to be seen the rudiments of five oral plates, 
five basals, three (A. mediterranea) or five (A. adriatica) infrabasals, and about 
eleven columnar s ; the orals, basals, and infrabasals are arranged in horseshoe- 
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shaped bands, and the columnars are also horseshoe-shaped, not having as yet 
formed complete rings. 

After a free-swimming existence of a few hours the embryo attaches itself 
by means of the so-called adhesive pit, a slight depression on the antero- ventral 
face, the cilia disappear, and profound changes take place which result in a 
rearrangement of the internal organs. 

The five orals now form a pyramid over the superior (ventral) portion of 
the animal, while the five basals form a similar, but inverted, pyramid, in the 
wall of the proximal (dorsal) portion of the calyx ; between the apex of the 
latter and the top of the column are the three or five infrabasals. The column 
consists of about eleven cylindrical joints, each composed of the original central 
annulus from which numerous longitudinal parallel calcareous rods are 
developed, and is terminated distally, and attached, by a lobate terminal stem 
plate. The larva is now said to have reached the “ Cystid stage.” 

In the five diamond-shaped spaces which occur between the divisions of 
the orals and basals the radials appear, and, increasing rapidly in size, intrude 
upon the orals ; at the same time a sixth plate (the anal) 
makes its appearance in the zone of the radials, but it gradu- 
ally moves upward with the orals into the ventral disk. A 
row of elongate cylindrical segments, bifurcating on the 
second, is given off from each radial, and grows very rapidly 
by the addition of new plates at its distal end. The column 
ceases adding new segments, and the last one to be formed, 
just beneath the calyx, increases in size and fuses with the 
infrabasals to form the rudiment of the centrodorsal. The 
larva is now said to have reached the “ Pentacrinoid stage.” 

Simultaneously with the development of the arms and 
column a resorption of the orals and the anal sets in, while 
the basals begin to undergo a curious metamorphosis by 
which they are transformed into a lobate ten-rayed plate 
which is wholly internal, lying just above the chambered 
organ. Finally the button-shaped centrodorsal, which is now 
beset with numerous cirri, detaches itself from the remainder 
of the stalk, and the animal becomes free. 

The ontogeny of the Antedon (Fig. 283) reveals the fact 
that the infrabasals, basals, orals and stem represent the 
most primitive skeletal structures, while the radials and 
brachials are formed at a subsequent period. Similar 
evidence is afforded by numerous fossil Grinoids, in which 
the basals and column are very strongly developed, while 
the radials are mostly of inferior size, and the arms either 
rudimentary or absent. 1 

Habitat . — The existing Crinoids inhabit depths ranging from between tide 
marks to 2900 fathoms, both extremes being occupied by unstalked forms 



Fig. 2S3. 

Larva of Antedon 
rosaceus Linck. b, Ba- 
sals; r, Radials; 
o, Orals' cd, Centro- 
dorsal (after Wyville 
Thomson). 


1 [Some of tlie Paleozoic Flexibilia are almost identical, in fact, with the pedunculate stages of 
Antedon. Wachsmutli and Springer, from their observations on the orientation of the stem and its 
canal in fossil monocyclic and* dicyclic Crinoids, were led to infer the presence of infrabasals in the 
nepionic (or larval) stages of many forms previously supposed to be without them. This predic- 
tion was abundantly conformed by Mr. Bury’s discovery of minute infrabasals in the larva of Antedon. 
See especially H. Bury, Early Stages in the Development of Antedon rosaceus. Philos. Trans., 
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(Comatulids), the range for the stalked species being from 5 to 2325 
fathoms. The great majority of the existing types are littoral and sublittoral, 
only a few descending into the abysses. A very large number of species, 
many genera, and several families are confined to the East Indian region, while 
all the species and genera occurring outside of that region have close relatives 
within it. Most forms are highly gregarious, occurring in great numbers 
together, these masses being often composed, in the East Indies, of twenty or 
more different species, but a few appear to be more solitary in habit. As a 
rule the Recent forms are very local, and, though they may be found in certain 
very restricted areas in large numbers, and may have a very wide geographical 
range, it is comparatively seldom that one meets with them. 

Fossil Crinoids also appear to have been gregarious in habit, and their 
remains are frequently found commingled with those of reef-building corals 
in Paleozoic strata. Owing to the extremely delicate constitution of many of 
the skeletal parts, and the looseness with which the plates and segments are 
united, the Crinoid organism is by no means favourably adapted for preserva- 
tion in the fossil state. Perfect crowns are of comparatively rare occurrence, 
calices more frequent ; but, on the other hand, detached joints of the stem 
and arms are often very abundant, and form beds of considerable thickness. 
Crinoidal limestones of greater or lesser extent are met with in numerous 
formations from the Ordovician to the J ura ; those of the Carboniferous and 
Muschelkalk (Trochitenkalk) being especially characteristic. 

Classification. — The first attempt to construct a classification of the 
Crinoids was that of J. S. Miller in 1821. Four groups differing in the form 
and mode of union of the calyx plates were distinguished by Miller as 
follows : C. articulata , semiarticulata , inarticulata and coadunato. The classi- 
fication of Johannes Muller, in 1841, was based upon a number of differential 
characters, such as the articular or close suture of the radials, the thick- 
ness of the calyx plates, the mobility of the arms, and the plated or 
coriaceous character of the ventral disk. Two principal groups were 
recognised : Articulata and Tesselata ; while a third ( Codata ) was constructed 
for the reception of the unique genus Saccocoma. T. and T. Austin and 
F. Roemer adopted the untenable divisions of Stalked and Unstalked 
Crinoids. 

The importance of Wachsmuth and Springer’s investigations on the 
structure of the calyx, especially of the tegmen, and on the orientation of 
the stem and its canals in monocyclic and dicyclic forms, cannot be over- 
estimated. Two groups were proposed in their classification of 1879 : 
Palaeocrinoidea and Stomatocrinoidea ( = Neocrinoidea , Carpenter ) ; groups which 
correspond in the main with the Tesselata and Articulata of Johannes Muller. 
This classification was subsequently abandoned, and a new one suggested for 
it in 1888, afterwards more fully defined in their monograph on the North 
American Crinoidea Camerata in 1897, in which three principal grand 
divisions, or orders, were recognised, which were believed to include sub- 
stantially all Crinoids, fossil and recent, viz.: Camerata , Inadunafa and 
Articulata . 

Jaekel in 1894 proposed two orders, Cladocrinoidea and Pcntacrinoidea , 
the former containing only the Gamerata (W. and Sp.), and the latter all the 
rest. Bather in 1898 divided the Crinoids according to the composition of 
the base into two subclasses, Monocyclica and Dicydica , recognising for the 
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most part, as subordinate to them, the orders proposed by Wachsmuth 
Springer. The divisions established by Wachsmuth and Springer have b^ 
adopted as the basis of the following systematic arrangement, substitutin 
however, for their Articulata the preferable name Flexibilia , proposed by von 
Zittel in 1895, and now adopted by Springer in his forthcoming monograph 
of that group ; also retaining the name Articulata in the sense of Miller and 
Muller for a fourth division, including .the Recent and most of the Mesozoic 
Crinoids. 

Within the last few years, also, the terminology has been amended in 
several important respects; and conformably to the usage of the leading 
English and American authorities, certain of these changes have been adopted 
in the present edition. An explanatory note on the use of terms is therefore 
given at this place, in order to facilitate reference, and to exhibit the corre 
spondence between the older terminology and the new. 

The only abbreviations employed in the text are the following : — 


ZZ?=Infrabasal. 

B= Basal. 

AL4 = Radianal. 

x = First or special anal. 

R= Radial. 

In addition to these the following 
in small letters : — 


Bt = Brachial. 

/.#>•= Primibrach or costal. 

IIBr — Secundibracli or disticlial. 
iBr = Interbrachial. 

Amb = Ambulacrals. 

are used in the figures, but are printed 


K— Calyx. 
A — Arms. 
/System. 


0= Orals. 

IB = Interradials. 
Zhsi = Distichals. 


Explanation of Terms. 

CV 0 w??i=Crinoid minus the stem. 

(7«£ya5 = Crinoid skeleton minus the stem and free arms. 

Dorsal cup = All parts of the calyx below the origin of the free arms. 

Tcgmen — That part of the calyx lying above the origin of the free arms, and embracing 
the disk ambulacra, the mouth, and the anus. Includes the terms ventral disk , mult, 
dome , summit , etc. 

Base = That part of the dorsal cup lying next to the column. It may be composed of one 
ring of plates (monocyclic), or of two rings (dicychc), which are distinguished as basals and 
infrabasals. The basals adjoin the radials and alternate with them, being interradial in 
position. The infrabasals, when present, form the proximal ring, and are radially disposed. 

Radials =The circlet formed by the first plate in each of the rays ; or, the radially 
situated circlet of plates above the basals, and this ring only. In some of the earlier Crinoids 
one or more of the radials appear as if transversely bisected, due to the presence of a 
radianal or inferrachals. 

Brachials = All plates beyond the radials in radial succession. They are called fixed 
brachials so far as they take part in the calyx ; free brachials or arm-plates when they do 
not. The brachials forming the first circlet above the radials, whether free or fixed, are 
called primibrachs or costals ; those of the second order secnndibrachs or distichals ; those of 
the third order tertibraehs or palmars; and so on for succeeding orders of brachials, to which 
formerly the name post-palmars was applied. 

Interradials = All plates occupying the spaces between the rays proper, whether they 
belong to the dorsal cup or the ventral disk. Those of the dorsal cup, which are inter- 
posed between the brachials, are distinguished as inter brachials , and those of the tegmen, 
which lie between the ambulacra, as interambulacrals. 

Radianal— A plate disturbing the bilateral symmetry of the cup, located primitively 
directly below the right posterior radial, and in later genera obliquely to the left of it. 

Anals = Interradials of the posterior side, forming the base of the anal structures. The 
special or first anal plate (now usually designated x), when present, invariably rests upon 
the truncated upper face of the posterior basal and between the radials. Higher anal plates 
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ybe present, even when the special anal is wanting, they arc m>:*; c-ul between the 

erhrachials, following the median line of the posterior area ” 

1 6>ra/s = The five large interradial plates which surround the mouth oi cover it TLty are 
j£dd to be symmetrical when of nearly the same size and form : ttsh , when the 

posterior plate is pushed in between, or is larger than, the other four. 

Ambu7 iterate =Tlie rows of small plates in the tegmen which ate radially situated. They 
consist of adambulacrals or side-pieces , and the covenvy-pbi^s i Son ». plat Tne ionuer, 

when present, constitute the outer, the latter the inner rows of plates. The covering plates 
form a roof over the food-grooves ; they are generally represented by two alternating rows 
of small plates, more or less regular in their arrangement, which are movable upon the arms 
and pinnules, but upon the disk only in those Crinoids in which the mouth i- exposed. 

The orientation is based upon the natural position of the Crinoid, with the ani> upper- 
most, and viewing the specimen from the anal side. The anal interradius will then be 
posterior, the radius opposite to it anterior, while the right and left sides of it correspond 
with right and left of the observer. 

Primary Divisions of the Crinoidea. 

I. 

Crinoids in which the lower brachials take part more or less in the dorsal uip. 
All plates of the calyx united by close suture. Month and food-grooves closed. — 
Order 1. Camerata. 

II. 

Crinoids in which the lower brachials are incorporated into the calyx either by 
lateral union with each other, or by means of a skin studded with calcareous particles. 
All plates from the radials up movable. Mouth and food-grooves exposed. Arms 
non-pinnulate. The top stem joint often fused with the infrabasals, and not always 
the youngest joint of the stem. — Order 2. Flexibilia of Zittel ( = Aiticulata of TT. 
and Sp. non Miller and Muller). 

III. 

Crinoids in which the brachials are free above the radials. Plates of calyx united 
by close suture. Mouth sub-tegminal. — Order 3. Ixaduxata. 

IY. 

Crinoids in which the mode of union of radials with the plates they bear is by 
complete muscular articulation, and in which are combined the following additional 
characters : open mouth and food grooves ; dorsal canals perforating radial and arm 
plates ; uniserial arms only ; pinnules ; the general presence of a modified columnal, 
or proximale ; the general absence of bilateral, and presence of pentamerous symmetry, 
modified only by loss or addition of rays and not by anal structures. Brachials either 
free, or more or less incorporated. — Order 4. Articulata. 

The first three of these divisions are represented in the Ordovician. The Cameraia 
were the most specialised, and the first to disappear, being confined to the Paleozoic, 
and becoming extinct in the Lower Coal Measures. The Flexibilia were similarly 
limited. The Articulata range from the Mesozoic to the present time. The Inadunate 
type, representing the most generalised structure of the Crinoids, is in its most 
essential feature, though variously modified, carried forward with the Articulata^ and 
thus has an unbroken range from the earliest- Ordovician to the present. 

Order 1. CAMERATA Wachsmuth and Springer. 

(Sphaeroidocrinacea N eumayr.) 

Crinoidea in which the lower brachials take part in the dorsal cup . All plates of 
the calyx united by close suiures , and immovable . Mouth and food-grooves completely 
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covered ; the covering pieces of the latter frequently incorporated in the legmen. Anal 
opening eccentric or subcentral , frequently situated at the end of a proboscis-like anal 
tube . Arms uniserial or biserial , and pinnulate . Ordovician to Carboniferous. 

In some of the earlier (Ordovician) forms, as in the Reteocrinidae and 
Batocrinidae, there is considerable flexibility in the tegmen, which is com- 
posed of innumerable small plates ; but the mouth and food grooves in all 
these are perfectly subtegminal, thus distinguishing them from the Flexibilia, 
some of which, in respect to flexibility of the tegmen, they superficially 
resemble. 

Family 1. Cleiocrinidae. 

Dicyclic. Braehials to height of several orders incorporated in calyx by lateral 
union , those of different rays in contact except at the anal side. Calyx plates furnished 
with pore-rhombs crossing the sutures as in some Cystoidea. Arms pinnulate. Tegmen 
of small undifferentiated plates. Mouth subtegminal. Ordovician. 

Cleiocrinus Billings (emend.). Calyx large, pliant; plates joined by loose 
sutures, crossed by pore-rhombs. IBB five, invisible exteriorly. Basals and 
radials not in typical succession, but alternating with each other in a 
horizontal ring of ten plates surrounding the IBB and projecting downward 
over the column like a collar. No iBr except at the anal side ; anals in 
vertical series, resting on the truncate posterior basal, and extending high up 
between the rays. Rays and their divisions up to the free arms contiguous, 
and interlocking ; braehials bifurcating several times in the calyx, giving off 
fixed pinnules, which, are incorporated by lateral union with adjacent braehials 
and become free between the arm bases. Arms small, uniserial and 
unbranched. Column obtusely pentagonal, or nearly round. Lowest 
Ordovician (Chazy and Trenton) ; Canada and the United States. 

This genus has the flexible calyx and loose sutures of the Flexibilia, but its pinnulate 
arms and subtegminal mouth place it in closer relation with early Camerata, such as 
Reieocrinus. Its calycine pore -rhombs proclaim its not distant derivation from the Cystids. 
In the remarkable disposition of the basal and radial plates, in horizontal alternation instead 
of vertical succession, touching the infrabasals by their exterior surface instead of the distal 
edge, this form differs from all known Pelmatozoa. These intermediate and peculiar 
features accord with its very early age. 

Family 2. Reteocrinidae. Wachsmuth and Springer (emend.). 

Dicyclic. The lower plates of the rays more or less completely separated from 
those of other rays , and from the primary interradials , by irregular supplementary 
pieces , without definite arrangement. Anal interradius divided by a vertical row 
of conspicuous plates. Ordovician . 

Beteocrinus Billings (em. W. and Sp.). Dicyclic. IBB five, variable. BE 
and fixed braehials folded into a strong median ridge, which follows the 
bifurcations and passes insensibly into the arms. A similar ridge of anal 
plates divides the posterior interradius, extending to the anal opening. 
Radials separated all around. Arms usually branching; uniserial, or with 
interlocking cuneate ossicles. Interbrachial areas filled with innumerable 
minute pieces forming an apparently pliant integument continuous with the 
tegmen. Column round or pentagonal. Ordovician (Trenton to Cincinnatian) ; 
North America. 
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Family 3. Dimerocrinida© Batlier. (Ghtptocri avkt c Zittel purs ; Gkjpki&rrkhic 
Angelin; ThysanocriniJae W. ancl Sp. 

Dicyclic. Lower hrachials and interbrachials forming an import uni port of the 
dorsal cup ; interbrachials well defined. Badiols in contact except at the posterior 
side , where they are separated by an anal plate . Ordovician to Devonian. 

Ptychocrinus W. and Sp. IBB five. Arms uniserial, simple, or branching 
once. Radial and brachial plates marked by well-defined median ridge. 
First anal plate usually succeeded by three plates in second range ; iBr few. 
Anus without a tube. Ordovician ; America. 

Orthocrinus Jaekel. Arms stout and uniserial. Devonian; Germany. 

Dimerocrinus Phillips. ( Thysanocrinns and Glyptaster Hall; Eucrinas Ang.) 
(Fig. 284). IBB five. Arms biserial, simple or branching. First anal plate 
followed by three in second 
range ; iBr in several ranges. 

Anus without a tube. Silurian 
to Devonian ; North America, 

England, Gotland. 

Cyphocrmus S. A. Miller 
(Hyptiocrinus W. and Sp.). Calyx 
constructed as in Dimerocrinus , 
but low and wide, with arms 
pendent and tegmen plates spini- 
ferous. Silurian; North America. 

Gazacrinus S. A. Miller (Idio- 
crinus W. and Sp.). iBr limited 
to a single large plate in each 
interradius, that of posterior side 
following an anal. Silurian ; 

North America. 

Lampterocrinus Roemer. Calyx 
like that of Dimerocrinus, but 
asymmetrical from bulging at 
anal side, and with anus at end of a tube. Anal plate followed by three 
IBB , large. Rays produced into five tubular extensions, bearing biserial, 

pinnuliferous arms on each side. Silurian ; North America. 

Siphonocrinus S. A. Miller. Similar to preceding, but IBB small, calyx 
larger and more asymmetric, from subtegminal recurving of the rectum. 
Silurian ; North America. 

Family 4. Rhodocrinidae Roemer. 

Dicyclic . Lower brachials and interbrachials forming an important part of the 
dorsal cup . Badials separated all around by an interradial plate followed by well- 
defined, definitely arranged interbrachials . Infrabasals five. Anal area slightly , 
and often not at all, different from those of other interrays . Ordovician to Lower 
Carboniferous. 

Bhaphanocrinus W. and Sp. ( Goelocrinus Salter). Calyx obovate. Arms 



Fig. 2S4. 

Dimerocrinus. Analysis of Cali’s (after W. and Sp.). 
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uniserial ; from ten to twenty, and branching further. Otherwise similar to 
Archaeocrinus . Ordovician ; North America and England. 

Archaeocrinus W. and Sp. Calyx obovate to hemispherical ; base usually 
concave or invaginate. IBB small. Brachials to at least second order in- 
corporated in the calyx. Arms biserial, usually ten at their origin and 

branching beyond. Anal interradius 
slightly distinguished by an additional 
plate in second range ; iBr numerous. 
Anus without a tube. Ordovician; Canada 
and Kentucky. 

Diabolocrinus "VV. and Sp. Calyx de- 
pressed globose. Anus at end of a tube. 
First regular interbrachial frequently 
surrounded by supplementary plates, 
w, Ordovician ; Tennessee. 

2 Deocrinus and Hercocrinus Hudson. 
Ordovician; Canada. 

Bhodocrmus J. S. Miller ( Acanthocrinus 
W Koemer) (Fig. 285). Calyx globose, 

yyy} usually small and delicate, with concave 

base, and constricted at the tegmen. 
Fig. 2S5. Arms becoming free at the distichals, and 

BJiodoennus . Analysis of calyx (after w. branching; biserial, either directly from 

the calyx up, or only from the last bi- 
furcation. Anal side frequently, but not always, distinct from the regular 
interbrachial areas, by interposition of an extra plate in the second range. 
Devonian to Lower Carbon- A B 

iferous (Keokuk Gr.); North 
America, England, Belgium, 

Germany. 

Gilbertsocrinus Phillips 
( Goniastero idocrinus Lyon and 
Cass.; Ollacrinus Cumberland 
nomen nudum). Calyx below 
the arm-regions like that of 
Bhodocrinus , but usually 
larger, expanding at the 
tegmen instead of constrict- 
ing, and distinguished especi- 
ally by large tubular ap- 
pendages extending outward 
and downward from the 
margin of the tegmen, and 

overhanging the arm bases. Fm gg6 

These appendages are formed Rhipidocnnus crenatns (Goldf.) Devonian ; Gerolstein, Eifel. 
A-P T'A'nro rrF nlafoo A > Perfect crown, of the natural size (after Schultze). ii, Tegmen, 

01 rows 01 cylindrical places, Wlth eccentno amis . C} Interior view of the base, showing the live 

pierced to their full length IBB, two of the basals and one radial. D, Column. E, Face of stem- 
by a central canal ; they are J ° mt ’ 

primarily ten in number, in some species free, and in some fused by their 
marorins to those of adiacent rays. Arms small, delicate, biserial, given 
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Rhipidocnnus crenatns (Goldf.) Devonian; Gerolstein, Eifel. 
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off in clusters beneath the appendages. Anus subcentral, directly through 
the tegmen. Devonian to Lover Carboniferous (Keokuk G:\ ) ; North 
America, Great Britain and Belgium. 

Lyriocrinus Hall ( Marsapiocrmus Hall, non Blv. nee Phill.). Calyx depressed 
hemispherical, with base rather truncate ; tegmen almost flat, composed of 
numerous small, irregular plates. Plates of dorsal cup usually smooth or 
granular. Arms ten, strong, unbranched, biserial. Interbrachials few, incor- 
porating brachials to only part of the second order. Anal side usually not 
distinct ; anus eccentric, at the end of a small tube. First interradials "some- 
times touch basals. Silurian ; North America and England. 

Thylacocrinus GEhlert. Resembling Lyriocrinus, but calyx more elongate, 
and iBr profusely developed ; anal side slightly distinct. Arms twenty or 
more, biserial, and not branching in the free state. Devonian; France, 
Germany and North America. 

Anthemocrinus W. and Sp. Has one costal and few iBr. Anns biserial, 
branching. Silurian; Gotland. 

Bhipidocrinns Zittel (ex Bey rich MS.) (Fig. 286). Calyx similar to that of 
Lyriocrinus . Plates highly ornamented. Rays produced into two long, heavy, 
uniserial trunks, giving off biserial, pinnuliferous ramules alternately on either 
side. Middle Devonian ; Eifel, Germany. 

Diamenocrinus (Ehlert. Arms uniserial, repeatedly branching. Devonian ; 
France and Germany. 

Lahuseniocrinus Tschern. ; Condylocrinus Eichw. Devonian; Ural. 

Ophiocrinus Salter (non Charlesworth, nec Semper nee Angelin). Devonian ; 
South Africa. 


Family 5. Melocrinidae Zittel (emend. W. and Sp.). 

Monocyclic. Lower brachials , with well-defined interbrachials between them , 
forming part of dorsal cup. Badials in contact all around. Ordovician to 
Devonian. 

Glyptocrinus Hall (Canisirocrinus W. and Sp., Pycnocrinus S. A. Miller). 
(Fig. 287.) Basals five. Dorsal cup obconical to subglobose, ornamented 
with radiating striae passing from plate to plate ; the eleva- 
tions following the rays pronounced, and forming well-defined 
rounded ridges, which meet imperceptibly with the free arm- 
plates. Interbrachials very numerous, and enclosing supple- 
mentary anals on the posterior side, which sometimes form a 
continuous series. There are also numerous interdistichals, 
and frequently interpalmars, which form conspicuous depres- 
sions between the arm- plates. Tegmen low, composed of 

minute irregular pieces ; anus eccentric. Arms uniserial, ten 
to twenty, branching in the free state, long and slender. 

Column round, or exceptionally pentangular. Ordovician; 

North America. Glitptocmius deco- 

Schimrinus Hall Ordovician (Trenton Group); New orffc^'ccYnem- 

York. nation) ; Cincinnati, 

Stelidiocrinus Ang. (. Earmocrims Ang.). Basals four. ° hl0 ‘ a ura slze ' 
Form of dorsal cup as in Glyptocrinus, but interbrachials fewer and much 
larger, and plates generally without ornamentation. Plates of the tegmen 
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also comparatively large. Arms uniserial, sometimes interlocking. Silurian ; 
Europe and North America. 

Periglyptocrinus W. and Sp. Basals five. Arms biserial, dichotomous. 
Ordovician (Trenton Or.) ; Canada and Kentucky. 

Scyphocrinus Zenker. Basals four. Arms uniserial, dichotomising fre- 
quently. Calyx very large and elongate. Symmetry of dorsal cup slightly 
disturbed by anals which are interposed between the interbrachials. Brachials 
to lower part of the third order incorporated in the calyx, the upper ones free. 
Interbrachials very numerous. Stem attached to a large, hollow spheroid, 
strengthened by internal septa, regarded as a float by Hall ( = Camarocrinus), 
as a Cystid by Barrande ( = Lobolithus). Silurian and Devonian ; Europe and 
North America. 

Mariacrinus Hall (Zerikericrinus Waag. and Jahn). Basals four. Arms 
uniserial, branching once or twice. In general aspect, construction of calyx, 
and surface ornament, resembling Glyptocrims. Silurian ; America, Europe. 

Melocrinus G-oldf. ( Otenocrinus Bronn, Astrocrinus Conrad, Turbinocrinus 
Troost, Castanocrinus Boemer, Clonocrinus QEhlert, Promelocrinus Jaekel). 
(Figs. 288, 289). Basals four; interbrachials numerous; those of the posterior 

interray enclosing one or more 
supplementary anals. Anal aper- 
ture eccentric, rarely extended in 
a small tube. Bays produced into 
two main uniserial rami, giving off 
biserial, pinnule-bearing arms at 
short intervals to the outside of 


Fig. 288 . 

Melocnnus typus (Bronn). Devonian (Spiriferen-Sandstem) ; FlG * 28{) * 

Daun, Eifel. B, Basals. C, Mould of stem-joints (the so- Mclocnmis, Analysis ol calyx (nftor W. 
called “ Schraubensteine ”). and Sp.). 




the bifurcation; the rami may be separate (Silurian species), or more or 
less fused by their inner margins (Devonian species). Column round. Silurian 
and Devonian ; Gotland, England, Germany and North America. 

Oytocrinus Boemer. Like Melocrinus , but with arms borne on a single main 
radial trunk from each ray. Silurian ; America. 

Clonocrinus Quenstedt. (non (Ehlert ; Corymbocrinns Ang. ; Polypeltes Ang.). 
Basals four, hidden by column. Arms dichotomous, biserial both above and 
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below the bifurcations. Base concave, forming an inverted cup. Dorsal cup 
strictly pentamerous ; no anal plate. Interbrachials large, not enclosing any 
anal plates. Silurian; England, Gotland and North America. 

Tribliocrinus Geinitz (Spyridiocrinus CEhlerfc). Lower Devonian ; Germany 
and France. 

Technocrinus Hall. Like Melocrinus , but having ten strong, simple, biserial 
arms, which do not bifurcate in the free state. Interbrachials not enclosing 
supplementary anals. Devonian (Oriskany) ; Maryland. 

Macrostylocrinus Hall. Basals three, unequal. Anal interradius much 
wider than the others ; its first row consisting usually of three plates, while 
that in the four other interrays cqnsists of a single inter- 
brachial. Arms ten, simple and biserial. Silurian; North 
America. 

* Patettiocrims An g. (Fig. 290). Basals three, unequal. 

Arms biserial or of cuneate uniserial brachials. No anal 
plates. Dorsal cup elongate. Silurian; Gotland, North 
America. 

Allocrinus W. and Sp. Basals three, unequal. Arms 
uniserial. No anal plates. Dorsal cup depressed. Inter- 
brachials few. Silurian ; North America. 

Briarocrinus Angelin. Silurian ; Gotland. 

Centriocrinus Bather (pro Centrocrmus TT. and Sp., non 
Austin, nec Worthen). Basals fused. Dorsal cup depressed. 

No anals. Arms unknown. Devonian ; North America. r4ll> „. H)> 

Dolafocrinus Lyon ( Cacahocrinus Hall). Dorsal cup per- j er tv- 

fectly pentamerous, cup - shaped or saucer-shaped. Base ■ (A Gotiand* 
usually concave. Basals primitively three, but completely Jtami sw « 
anchylosed in the adult. Costals two ; iBr few, the first 
ones extremely large. Tegmen comparatively fiat, and composed of rather 
large plates, of which the orals form the summit. Respiratory pores be- 
tween arm bases frequently present. Anus at the end of a short tube. 
Arms little known, sometimes branching and biserial. Column with 
numerous projecting rings and buttresses. Devonian; North America. 

Stereocrinus Barris. Like the preceding, but the anchylosis of the BB 
incomplete, and with only one costal. Devonian (Hamilton Group) ; North 
America. 

Hadrocrims Lyon (Coronocrinus Hall ex Troost). Dorsal cup extremely 
large, with concave base ; basals closely anchylosed. Brachials to the fourth 
or fifth order incorporated in the cup. Interbrachials numerous and large ; 
no distinct anal plate in lower ranges. Tegmen composed of innumerable 
small plates. Devonian (Onondaga); Falls of the Ohio, near Louisville, 
Kentucky. 

The type described under this genus has not hitherto been well understood. It falls into 
two subdivisions, differing more strongly than Stereocrinus and Dolafocrinus ; one (H. discus) 
having few very heavy arms, and one costal ; the other ( H plenissi/nus) with numerous very 
slender arms, and two costals. 

Family 6. Calyptocrinidae Angelin. 

Monocyclic. Lower brachials and interbrachials forming an important part of 
the dorsal cup , which above the base , is perfectly pentamerous. Plates of the calyx 
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usually limited to a definite number. Badials in contact all around. Arms resting 
in compartments formed by partitions attached to the tegmen. Silurian and 
Devonian. 

Eacalyptocrinus Goldf. ( Hypanthocrinus Phill.) (Figs. 
291, 292). Calyx with a deep concavity at the lower end, 
the B forming the bottom, and the B the sides of an 
inverted cup. Supplementary pieces of the calyx con- 
sisting of 1 x 2 interbrachials, and one interdistichal ; the 
latter of the same form as the interbrachials, and nearly 
as large as the two upper ones combined. Tegmen 
elongate, its upper part extended to form a tube. It is 
composed of five ranges of plates, of which the two 
middle ones are the least regular in their arrangement, 
and the upper one closes the centre. Attached to the 
outer walls of the tegmen, and extending to its top, are 
ten partitions supported by the interbrachials and inter- 
distichals, which form deep, vertical compartments for 
the reception of two arms each. Arms twenty, biserial ; 
composed of very narrow pieces. Column round. Sil- 
nuruhwtncrnius regu- "urian ; Gotland, England (Wenlock Limestone), and 
Gotland. Crown with North America (Niagara Group). A single species occurs 
SZ tiie in the Devonian of the Eifel. 

repos? in which they Oallicrinus Ang. (Fig. 293). Calyx flask - shaped ; 

concavity at the base deeper and wider than in the 
preceding, sometimes involving not only the radials, but parts of the 



Fig. 291. 



Eucalyptocnnus romceus (Goldf.). Devonian; Gerol&tem, Eifel. ^4, 'Perfect crown. B, Diagrammatic longi- 
tudinal section of the calyx (b, Basals ; i 1 , Radials ; r2, First costals ; y, Lower, and 5, upper piece of the wing- 
like processes). 0, Tegmen D, Dorsal cup (r 1 , Radials ; 5*2 First costals ; w, lnterradials ; dtst., Distichals ; 
int. dirt., Interbrachials ; r^, Palmais) (after L. Schultze) 


costals as well. Partitions for the reception of the arms much shorter, ex- 
tending to less than half the height of the arms. Otherwise similar to 
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Eucalyptocrinus , and sharing the same distribution in the Silurian ; not known 
in the Devonian. 


-■* u 



Fir.. 203 

Odhcmnu, meatus (Hismg.). Silunan; Gotland. .4. Crowm. B, Caly^c showing tli^ con^tir.ct _»n uf the 
tegmen. 0, Inner or ventral a&pect of the base. D, Outer or dorsal aspect of thn same. Natural sr> (after 
Angelin). 


Chicagocrinus Weller. Like Gallic ruins, but the primibraehs (costals) 
reduced to a single diminutive plate in each ray. Silurian ; Xorth America 
(Chicago area). 

Family 7. Batoerinidae Wachsmuth and Springer. 

Monocyclic . The lower brack lals forming an important part of the dorsal cup. 
Badials in contact except at the posterior side, where they are separated by a hepta- 
gonal anal plate, followed by three plates in 
the second range. Base hexagonal. Bays 
usually branching by equal bifurcations. 

Subfamily A Periechocrininae. 

Tegmen composed of numerous small, un- 
differentiated plates. Ordovician to Lower 
Carboniferous. 

Tanaocrims W. and Sp. Interbrachials 
numerous, indefinitely arranged in de- 
pressed areas passing gradually into the 
tegmen, leaving brachials in ridges con- 
tinuing to the free arms ; posterior area 
divided by median ridge of anal plates 
resembling brachials. Arms uniserial 

. , , -j Batucnnu', sp. Lower Carboniferous. Analysis 

with ossicles more or less cuneate, tend- Of calyx; 5, Basals; .^Radials; ihr, Interbrachials; 

ing to interlock distafly; branching be- f^ er T pl ^Tsp7 anal; * Speml ^ plate 
yond the calyx. Calyx elongate. Basals 

five. Column round, or sub-pentagonal. Ordovician (Cincinnatian); Ohio. 

Xenocrinus 1 S. A. Miller. Basals four. Arms not branching. Column 

1 Better specimens obtained since the preparation of Wachsmuth and Springer’s Monograph 
show clearly not only that the interbrachials in this genns are definite plates with close sutures, hut 
VOL. I 0 



194 


ECHINODERMATA— PELMATOZOA 


PHYLUM IV 


d’Orb. j Habro- 


quadrangular. Structure otherwise substantially as in the preceding. 
Ordovician (Cincinnatian); Ohio. 

Gompsocrinus S. A. Miller. Basals four. Arms simple or branching. 
Basals and radials more evenly rounded and less excavate laterally, but other- 
wise differing little from Xenocrinus. Ordovician (Cincinnatian) ; Ohio. 

Acacocrinus W. and Sp. Interbrachials few, definitely arranged, not in 
strongly depressed areas, and brachials and anals not in prominent ridges. 
First primibrach (costal) quadrangular. Arms uniserial, slender, unbranched, 
with cuneate ossicles tending to interlock at the tips. Calyx rather low and 
rotund. Basals three. Silurian ; Indiana and Kentucky. 

Carpocrinus Muller (Phoenicocrinus Austin ; Abracrinus 
crinus , Pionocrimis , Leptocrinus Ang.) (Fig. 295). Calyx as in the preceding. 

Arms simple, heavy, 
usually not exceeding 
ten, with very short, 
wide ossicles, slightly 
cuneiform, the longer 
face bearing two pin- 
nules, the shorter but 
one. Silurian ; Gotland, 
England. 

Desmidocrinus Ang. 
(Fig. 296). Like the 
preceding but with arms 
fifteen to twenty, ossi- 
cles longer and quad- 
rangular, bearing one 
pinnule to each side. 
Silurian ; Gotland and 
England. 

Abacocrinus Ang. 
(Carolicrinus Waag. and Jahn). Basals four. Calyx rotund. Interbrachials 
rather numerous, definitely arranged, not in depressed areas ; brachials and 
anals not in prominent ridges. First primibrach hexagonal. Arms branch- 
ing, biserial from the calyx up. Silurian ; Gotland. 

Macarocrinus Jaekel. Devonian; Germany. 

Periechocrinus Austin ( Geocrinus d 5 Orb.; Pyxidocrinus Muller; Trochocrinus 
Portlock ; Pradocrinus de Yerneuil). Basals three. Calyx elongate, expanding 
to arm bases ; plates thin and long, usually with narrow median ridges along 
the brachial series, which bifurcate two or three times within the calyx, lead- 
ing to twenty-five or thirty arms, which are biserial beyond the calyx and do 
not branch after becoming free. First primibrach (costal) hexagonal. Inter- 
brachials numerous, definitely arranged. Silurian ; England and Gotland. 

Saccocrinns Hall. Like the preceding, but the arms branch from about 
twenty openings after becoming free, and are biserial both below and above the 
bifurcations. Silurian to Lower Carboniferous (Upper Burlington); North 
America and (?) Gotland. 




Fiu. 295. 

a, Caqyocitmti* comtus (Ang.) Silurian, Got* 
land. Crown viewed from the anal side, natural 
size, b, H. oj natus (Ang.) Tegmen showing cover- 
ing pieces of the ambulacra (after Angelin). 


Fn*. 296. 

Vesmiduci in ns 
hetemdactylus(Anp .). 
Silurian ; Gotland. 
Natural size (after 
Angelin). 


that they do not pass down to the basals in either species. This leaves no character to separate it 
from the Batocrmidae 5 and the present reviser agrees with Bather in placing it with Tanaocrinus 
and CoinpsQcrinus as the primitive forms of that family. 
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(?) Beyrichocrinus AVaag. and Jahn. Silurian ; Bohemia. 

Qennaeacrinus W. and Sp. Basals three. Calyx low and broad, stronglv 
lobed at the arm bases ; plates thin and highly ornamented. First primibrach 
hexagonal ; iBr rather numerous. Arm openings twenty-five or more ; arms 
unknown. Devonian ; Indiana and New York. 

Megistocrinus Owen and Shum. ( Tylocrimis AVood). Basals three. Calyx 
usually large, hemispheric, with greatest height below the arm bases ; usually 
but little lobed ; plates heavy, smooth or ornamented, Interbrachials 
numerous ; first primibrach hexagonal. Arms sixteen to twenty, branching 
in the free state, biserial above and below the bifurcations. Devonian to 
Lower Carboniferous (Upper Burlington) ; North America. 

Subfamily B. Barraxdeocrixixae. 

Tegmen narrow and rigid. Arms permanently directed doivnicaal enclosing the 
calyx. 

A highly specialised type, represented by a single genus, which, though having a similar 
calyx, dilfers so strongly in habitus from those of the next section that it is better kept 
separate. 

Barrandeocrinus Angelin ( Cylicocrmus S. A. Miller). Basals three. Calyx 
rather elongate, with tegmen nearly flat. Interbrachials few, definitely 
arranged. Arms ten, heavy, biserial, directed downward over the calyx, with 
pinnules opening outward. Silurian ; Gotland and North America. 

Subfamily C. Batocrininae. 

Tegmen broad , well differentiated ; plates large and heavy, forming a rigid roof. 
Arms not branching beyond the calyx ; biserial. Respiratory p>ores frequently present. 
First primibrach ( costal ) usually quadrangular. Basals three in all known genera. 
Devonian to Lower Carboniferous. 

This section flourishes amid a remarkable local development of Crinoid life especially 
characteristic of the Mississippian area of the United States. The fauna is enormously prolific 
m numbers and variety m the Burlington and Keokuk limestones of the Mississippi Talley, but 
almost entirely wanting in the Lower Carboniferous of Great Britain and Belgium, and of 
other parts of the United States. Only a few straggling species come from the Devonian. 

§ 1. Anus at the end of a tube. 

a. Interbrachials few, separated from tegmen by arch of brachials. 

Batocrinus Casseday. Calyx biturbinate. Arms short, equidistant. Anal 
tube very long, central, extending beyond arms. Kinderhook to St. Louis 
Group ; North America. 

Eretmocrinus Lyon and Cass. Like Batocrinus, but arms paddle-shaped, 
and anal tube short, eccentric, tending to curve. Devonian to Keokuk 
Group ; North America. 

Alloprosallocrinus Lyon and Cass. Calyx conical ; dorsal cup almost flat, 
greatest height above the arm bases. First primibrach usually wanting. 
Approaching Agaricocnnus in shape. Anal tube sub-central ; arms unknown. 
Keokuk limestone ; North America. 

J3. Interbrachials few, usually separated from the tegmen except at anal side. 

Macrocrinus W. and Sp. Calyx elongate, biturbinate to subovoid. Anal 
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tube rather large, extending beyond arms. Arms twelve to sixteen. Upper 
Burlington and Keokuk Gr. ; America. 

Disygocrinus W. and Sp. Calyx rotundate. Anal tube rather small, 
usually not extending beyond the arms. Arms single or double, from twelve 
to twenty openings. Upper Burlington to St. Louis Group ; America. 

Eutrochocrinus W. and Sp. Calyx wheel-shaped. Anal tube long. Arms 
short, either single or double from twenty openings. Upper Burlington and 
Keokuk Group ; America. 

y. Interbrachials few, sometimes connected with tegmen all around . 


Upero crimes Meek and Worthen (Lobocrinus W. and Sp., Hyperocrinus 
Bather) (Fig. 297). Calyx pyriform. Anal tube large 
and often spiniferous. Arms short, single, often arranged 
in groups, openings directed upward. Upper Burlington 
and Keokuk ; America. 



Fig. 297 . 


Uperocrinus py rifonnis 
(Shuraard). Lower Carbon- 
iferous ; Burlington, Iowa. 
Nat. size (after Meek and 
Worthen). 


§ 2. Anus without a tube, directly through tegmen . 
Interbrachials few, usually not connecting with tegmen except 
at anal side . 

Aorocrinus W. and Sp. Calyx small, elongate to ro- 
tund or biturbinate. Arms 
rather strong, one from each 
opening, cylindrical. Teg- 
men plates not spiniferous. 
Devonian to Burlington ; 
Europe and America. 

Coelocrinus M. /and W. 
(Sphaerocrims M. and W. 
non Roemer). Similar to 
preceding genus, but with 
concave base. Burlington 
Group; America. 
fig. 298 Dorycrinus Roemer (Fig. 

var. intermedins (M. and W,). Lower 298). Calyx Small to large; 

’from 1 ' thf* anal Si posterior oral alone, or with 



then)T al 8126 (after Meek and Wor ’ P rimar 7 radial plates of 
* tegmen, spiniferous. Arms 

rather small, usually two from each opening. Devonian to Keokuk ; America. 

Agaricocrinus Hall (ex Troost). Calyx small to large, hemispherical, with 
dorsal side usually flat or concave, and greatest height above the arm bases. 
First primibrach sometimes hexagonal. Arms ten to sixteen, very heavy, 
directed outwards. Burlington to Keokuk ; America. 


Family 8. Actinocrinidae. 

Monocyclic . Lower brachials , with well-defined interbrachials between them, 
forming an important part of the dorsal cup. Radials in contact except at the anal * 
side, where they are separated by a hexagonal anal plate, followed by two plates in the 
second range. Basals three, forming a hexagon. Arms biserial in all known genera. 
Rays usually branching by alternate bifurcations. Lower Carboniferous. Kinder- 
hook to Keokuk. 
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. ^\bis family represents another line of profuse crmoidal development characteristic of the 
Mississippian area in the United States, parallel to that of the later Batocrinidae It may lie 
considered as a direct Branch from that family, hut sharply and consistently distinguished 
from it by the fact that the anal plate is followed by two platen instead of three. It was 
short lived, being restricted to the lower part of the Lower Carboniferous, where it culminated 
in large and striking forms, not found outside of the Mississippi Talley. Only two of its genera 
are certainly known to occur in the approximately equivalent formation of feurope. 

§ 1. Tegmen composed of well differentiated plates, with anus at the end of a tube. 

a. Interbrachials connecting with the tegmen. 

Amphoracrinus Austin. Calyx lobed, the largest part above the arm zone ; 
rays widely separated. Interbrachials few. First primibrachs usually quad- 
rangular, sometimes hexagonal. Arms stout, either simple or branching, 
biserial below and above the bifurcations. Anal tube short, eccentric. Oral 
plates often strongly spiniferous. Anal plate exceptionally followed by three 
plates in the second range. Lower Carboniferous ; Waver ly to Lower Bur- 
lington Group in the United States, and lower part of the Mountain Lime- 
stone in Britain. 

This genus is a transition form from the Batocriiiidae, in which the Actinocrinoid structure 
of the anal side has not become constant. In some species the middle plate of the second row 
has not been entirely eliminated, but occasionally appears in diminished size, and scarcely 
touching the anal plate. This is consistent with its geological position as one of the earliest 
of its family, and one of the first to disappear. 

Adinocrinus Miller {Amphora Cumb.; Phillipsocrinus M { Coy; Blairocrinus 
S. A. Miller) (Fig. 299, D ). Calyx lobed, rays widely separated ; largest part 
below arm zone. Interbrachials numerous. First primibrachs usually 
hexagonal. Rays within the calyx bifurcating alternately from every second 
or third plate above the first. Arms either simple from the calyx, or 
branching, and biserial below as well as above the bifurcations. Anal tube 
long, central. Lower Carboniferous; Lower Burlington to Keokuk, in the 
United States, and Mountain Limestone of Britain and Belgium. 

Steganocrinus M. and W. (Sampsonoerinus M. and G.). Calyx similar to that 
of Adinocrinus, but relatively lower, and having the rays produced into one 
(S. sculptus ) or two ( S . pentagonus ) tubular extensions giving off pinnulate arms 
alternately at the sides. Anal tube small. Lower Carboniferous (Lower and 
Upper Burlington) ; North America. 

J3. Interbrachials not connecting with tegmen . 

Cadocrinus W. and Sp. (Fig. 299, A, B). Calyx not lobed. Arms usually 
strong, twenty to forty, unbranched, about equidistant, given off in a more or 
less continuous ring, and directed upward ; bifurcations beyond tbe costals 
from every successive brachial. Anal tube long, central. Lower Carboni- 
ferous (Kinderhook to Lower Burlington) ; North America, (?) Belgium. 

Teliocrinus W. and Sp. Similar to the last, hut arms more slender and 
numerous, usually sixty or more, their lower portions directed outward, and 
forming a broad continuous rim. Lower Carboniferous (Upper Burlington) ; 
No O America. 

§ 2. Tegmen of undifferentiated plates. Anus directly through the tegmen, without 
a tube. 

Physetocrinus W. and Sp. (Fig. 299, 0). Interbrachials connecting with 
tegmen. Calyx rotund, lobed, with arms in groups, stout ; tegmen rounded 
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and elevated ; amis eccentric. All bifurcations beyond costals given off from 
every alternate brachial. Lower Carboniferous (Lower and Upper Burlington) ; 
North America, 

Strotocrinus M. and W. Interbrachials not connecting with tegmen. 


A 



an 


Fig. 21HL 

-4, Cartoci'inn* pi'ohnsndtal i<* (Hall). Lower Carboniferous, Builington, Iowa. Calyx with fractured 
tegmen, showing the subtegmiual ambnlacral skeleton, and the convoluted digestive oigan. JJ, Enlarged 
portion of the ambulacral skeleton. Natural cast of tegmen of Pliywtucrimib, with impressions of food- 
grooves (a), conducting from the arms to the mouth (o); an, Anus. D, Diagram of Achnori mus (after W. 
and Sp.). 

Calyx not lobed ; rays bifurcating on alternate bracbials from distichals up, 
and extended into a broad, flanging rim, as in Teliocrinus, but more 
pronounced. Arms very numerous and slender. Tegmen low, sometimes flat 
or concave, composed of innumerable small pieces ; anus eccentric. Lower 
Carboniferous (Upper Burlington) ; North America. 


Family 9. Platycrinidae Roemer. 

Monocyclic. Brachials and interbrachials usually but slightly represented in the 
dorsal cup ; the lower brachials taking more or less the form of arm plates . ; but being 
strongly connected , either with the solid tegmen by modified covering plates and strong 
interambulacrals, or with the cup by large interbrachials which are usually more or 
less inter ambulacral in position . Badials in contact all around , there being no 
special anal plate. Basals forming a pentagon ; three , unequal , and frequently 
anchylosed . Silurian to Carboniferous. 
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§ 1. Rays uifh two or more yfuaihiuchs (cost ah). 

Ooccocrinus Joh. Muller. The simplest form of the Camerata, the calyx 
consisting only of three basals, five raclials, 2 ■ 5 costals, five interbrachials and 
five orals. Calyx small, rotund ; basals and radials forming almost the entire 
dorsal cup. Tegmen almost completely occupied by five large, triangular, 
symmetrical orals, forming a pyramid. Anal opening in the interradio- 
oral suture. Arms delicate, branching once, uniserial with cuneate joints. 
Column round. Silurian; North America. Devonian : Eifel. 

Culicocrinns Joh. Muller. Transitional between Coccocri/ms and Platycrinus : 
generally similar to the former. Orals asymmetrical. Arms heavy, biserial. 
Column round. Middle Devonian ; Eifel. 

Hapalocrinus Jaekel em. Bather (. Agriocrinus , Thallocrinus and Clematocrinus 
Jaekel). Orals small ; interambulacra visible. Arms uniserial, with cuneate 
joints ; branching once or twice. Column round, with strong cirri. Silurian ; 
England, Australia, North America. Devonian ; Germany. 

Cordylocrinus Angelin. Tegmen composed of numerous plates. Arms 
uniserial, or slightly interlocking. Column round, with long cirri. Silurian ; 
Gotland. Devonian ; North America. 

§ 2. Rays with only one primibracli (costal). Orals occupying but a small part of 
the tegmen , asymmetrical ; ambulacral plates well defined . 

Marsipocrinus Bather ( pro Marsupiocrinvs Phill., non Blv.). (Syn. Cypellocrinus 
vel Cupellaecrinus Shumard, ex Troost, non Steininger.) Brachials to axillary 
distichal usually incorporated in cup. Arms biserial, ten or twenty. Column 
round. Axial canal large. Silurian; England, Gotland, North America. 



Fig. 300. 

Platyerinu'* suhspinnsu* (Hall). Lower Carbomfpr* 
oils; Burlington Group, Iowa. Analysis of dorsal 
cup, omitting anal mterray. b. Basalt ; It, radials ; 
J, Costals; tr, Interbrachials (aft^r Wachsmuth 
and Spunger). 



Fig. 301. 

PWifcnn ns tngi ntitlact yht'* 
(Austin). Lower Carbonifer- 
ous; Touraav. Belginm (re- 
stored, after de Koninck). 


Platycrims Miller ( Oentrocrinus , Pleurocrinus Austin; JSdwardsocrinus d’Orb.) 
(Figs. 300, 301). Calyx rotund. Badials large with crescent-shaped facets. 
First interbrachials at the level of the arm bases ; consisting of three plates 
horizontally arranged, usually partly interambulacral, but sometimes succeeded 
by one or more ranges incorporating the distichals ; plates of anal interradius 
usually more numerous than those of the other sides. Orals usually large, 
asymmetrical, occupying but a small part of the tegmen. Ambulacra rigid, 
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and incorporated into the tegmen. Anus either eccentric, or at the end of i 
thick, usually short tube. Arms branching once to three times, uniserial ii 
the lower parts, but becoming biserial distally. Column elliptical and twisted 
the axes of the upper and lower surfaces of the individual segments being a 
a slight angle with one another; central canal very minute; strong cirr 
toward distal end. Rare in Devonian ; abundant in Lower Carboniferous o 
England, Belgium and North America (Hamilton to St. Louis Groups). 

Brahmacrinus Sollas. Like Platycrinus, but radials relatively smaller, anc 
lower brachials larger, and incorporated in dorsal cup to the height of th< 
second distichals. Lower Carboniferous ; England. 

Eucladocrinus M. and W. Calyx like Platycrinus , but with rays producec 
into one or two main rami, roofed with rigid covering plates, forming tubula 
extensions of the calyx, giving off at alternate sides biserial, pinnuliferoui 
arms. An extreme development of the family type, but not the latest ii 
time. Lower Carboniferous (Kinderhook to Keokuk) ; North America. 

Family 10. Hexacrinidae Wadismnth and Springer. 

Monocyclic . Radials in contact except at the posterior side , where they ar 
separated by an anal plate. Basals three , or two , forming a hexagon. Structur 
otherwise as in the Platycrinidae. Devonian to Lower Carboniferous. 

| 1. Basals three. 

Eexacrinus Austin (Eig. 302). Costals two, united by syzygy, or one 
Rays usually in two main trunks, bearing uniserial pinnulate arms on one o 


c 



Fig. 302. 

llexacrinus elongatus (Goldf.). Devonian ,* Pehn, EifeL a , Calyx seen from one side ; b, Aspect of summit : 
c, Analysis of calyx and arms ; d, e, Column of IT. sphiosus (Mull.) (after L. Schultze). 

both sides at intervals. Tegmen as in Platycrinus. Column round, with smal 
axial opening. Devonian. Represented by numerous species in England 
Belgium, and the Eifel, but by only a few in North America. 

Jrthracajitha Williams ( Histricrinus Hinde). Calyx as in Eexacrinus , bul 
the plates covered with movable spines borne on tubercles. Arms dichotomous, 
biserial. Stem circular. Devonian ; New York and Canada. 
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§ 2. Based s tiro. 


Dichocrinus Munster (Cotyledonocrinvs Lyon and Cass.). Costals two. 
usually united by syzygy, as are also the first two brachials of each order, 
giving the appearance of a single plate. Arms biserial, branching once to 
three times 3 occasionally pendent. Stem round. Lower Carboniferous ; 
Belgium, Great Britain, North America (Kinderhook to Kaskaskia). 

Camptocrinus W. and Sp. Like Dichocrinus except in the stem, which is 
concavo-convex in section, as in Herpetocrinus, tending to coil around the crown. 
Lower Carboniferous (Burlington to St. Louis) ; North America. 

Talarocrinus ~\Y. and Sp. Costal one, small, trigonal, sometimes hidden 
by the distichals. Calyx plates massive ; anal resembling anterior radial in 
form and size. Column round. Lower Carboniferous (St. Louis to Kaskaskia) ; 
North America. 

Pterotocrinns Lyon and Cass. (Asferocrinus Lyon non Munster). A re- 
markable modification of Talarocrinus . Brachials up to third order incorporated 
into dorsal cup. Anal plate much smaller than the radials. The axillary 
first ambulacral produced into large wing-like processes, stretched out from 
the tegmen. Lower Car- 
boniferous (Kaskaskia) ; / x) 

North America. \ J 


Family 11. Acrocrinidae 
Waclismuth and Springer. 

Monocyclic . Basals separ- 
ated from radials by a large 
belt of accessory pieces. Badials 
in contact except at the posterior 
side , where they are separated 
by an anal plate. Structure 
othenoise as in the Eexa- 
crinidae. Lower Carboni- 
ferous. 

Acrocrinus Yandell (Fig. 
303). Basals two, forming 
a hexagon. Calyx as in 
Dichocrinus with intercala- 
tion of several circlets (up 
to twenty) of supplementary 
plates, those immediately 
above the basals being the 
smallest and latest formed. 



Fig. 303. 

Arroerimis sp. Lower Carboniferous. 1>, Bahais; 12, Radials ; 
I, Centals ; x, Special anal plate. All tbe others are supplement- 
ary plates (after W. and Sp.). 


Costa]* small, trigonal. Arms two to four to the ray, biserial, either erect 
or^fendent. Column round. Lower Carboniferous. The last survivor of 
the Camerata (Burlington to Coal Measures), and known chiefly in North 
America but reported recently from England. 
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Order 2. FLEXIBILIA ZitteL 

( = Articulafa W. and Sp. non Muller). 

Crinoidea in which the lower brachials are incorporated in the dorsal cup, either 
by lateral union, by interbrachials, or by a finely plated skin , but never rigidly. 
Tegmen flexible , with ambulacra well defined , roofed with movable covering plates ; 
mouth supra-tegminal and open. Arms non-pinnulate, with a wide and shallow 
ventral groove . Base dicyclic; infrabasals three , unequal, rarely undivided, some - 
times greatly reduced or atrophied; often fused with top columnal . Badials and 
brachials united by modified muscular articulation, usually without transverse ridge, 
accompanied by loose suture between other plates, producing a flexible calyx admitting 
motion between apposed faces of the plates. Orals small, posterior one much the 
largest, with the food grooves passing between them to the mouth ; they are more or 
less surrounded by perisome, which often passes down between the rays. Stem round ; 
proximal columnals usually very short, frequently wider than the others and forming a 
conical expansion next to the calyx. Ordovician to Carboniferous. 

The calyx and arm plates in this group are usually thick and relatively short, 
with a muscular or loose ligamentous articulation, which admits of much mobility 
upon one another. The combination of massiveness with flexibility is a strong 
distinctive character. The union between brachials is frequently marked exteriorly 
by arcuate sutures, produced by a downward projection of the outer proximal edge of 
the plates into a corresponding depression on the distal edge of those preceding ; this 
extends but little below the surface, the sutures beneath being perfectly straight. By 
contraction in fossilising the projecting processes are frequently fractured, giving rise 
to an erroneous appearance of “patelloid plates.” 

Owing to the fact that in most of the genera the rays are more or less continuous 
from the radials up, with no well-defined zone of demarcation between calyx and 
arms, there is a general similarity of type which renders the subdivisions less apparent 
than in the Camerata. The most prominent modification of the general type relates 
to the structure of the posterior interradius, upon which two well-defined divisions 
may be recognised : (1) the strong anal side, in which the anal plates, when present, 
are partly or wholly incorporated in the calyx wall ; (2) the weak anal side, in which 
the anal plates are separated from adjacent brachials at one or both sides by a pliant 
integument, and tend to form a flexible series supporting the anal tube, which is 
a mere extrusion of the pliant perisome of the tegmen. The second of these 
s tinctures is analogous to that in the larval stage of the living Crinoids, is the most 
generalised, and was the most persistent — appearing in the Ordovician, and ending 
with the culmination of this group in the Kaskaskia, or possibly Coal Measures. The 
first is more specialised, and ranges from the Silurian to the Warsaw. Within it modifi- 
cations in the size and position of the infrabasals, and in the general habitus, afford 
ground for family divisions, which shade into one another to some extent. 

Among the genera of each family there may be observed a migration of the 
radianal, from a primitive position directly underneath the right posterior radial (as 
if the radial were transversely bisected) in the older formations (Ordovician and some 
Silurian), to an oblique position to the lower left of the radial (some Silurian and 
Devonian), and then to complete elimination in the Carboniferous. Modifications in 
the number of primibrachs, by increase from two to three or more, were also to some 
extent coincident with these changes. The structure of the base remains remarkably 
constant, the proximal circlet consisting of three unequal infrabasals, which are 
exceptionally fused to an undivided disk, and in certain genera tend to disappear by 
resorption. 
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A. Anal platen, when present, portly * wholu in^o^r'j 'a*ed ‘r *]•€ 
califs. 


Suborder 1. SAGENOCRINOIDEA. 

Family 1. Lecanocrinidae Springer. 

Infraha sals abutting on dorsal side of La sols, mot e or less irect , and tali an 
part in the calyx wall. Crown usually small, short . rotund , with arms A tiffing, 
frequently interlocking , and closely infolding at the distal ends . Silurian to Lower 
Carboniferous. 


ct. Rays m contact except at the posterior side, where anal x separates radials. touching 
posterior ba^al. Xo iBr in other areas. 


Lecanocrimis Hall ( Cyrtidocrinus Ang.) 'Fig. 304). Arms dichotomous, 
flat, interlocking. BA rhombic, obliquely below r.post.R. Anal ;r alone. 
IBr two (exceptionally one). Silurian to Devon- 
ian; North America, Gotland, England. 

Mespiloerinus Koninck and Lehon. No BA. 

Anal x alone, or followed by a triangular plate. 

Arms dichotomous, usually rounded, with dex- 
trose twist. IBr two. Lower Carboniferous 
(Kinderhook to Upper Burlington) ; Belgium, 

England and Mississippian area, North America. 

b. Rays above radials partly or wholly separated all 
around, by iBr or perisome. Anal x usually between pos- 
terior radials, touching basal exception, Xlpterocriaus;. 



Homalocrinus Ang. Infrabasals very large, 


Fig. C«i4. 

Ist'aiu j - Wliixhi An?. Silurian ; 
Gotland. Ciown, seen from the anal 
side, figure merged (after Angelin). 


enveloping basals, and sometimes radials. Arms heterotomous, with ten 
main trunks, bearing ramules. Bays abutting above interbrachials, peri- 
some not exposed interradially. Anal ;/’, and large iBr in other areas, 
followed by others. BA under r.post.R. between BB. IBr two. Silurian ; 
Gotland, England. 

Calpiocrinus Ang. Like the preceding, but the rays have twenty main 
trunks bearing ramules, and there is no BA. Silurian ; Gotland. 

These two genera are remarkably specialised in the enormous overgrowth 
of the infrabasals, which envelop, and sometimes entirely conceal, both basals 
and radials, a fact which has made them heretofore generally misunderstood. 

Cholocrinus Springer. IBB not enveloping BB. Arms heterotomous, 
with ten main trunks bearing irregularly branching ramules. Rays not 
abutting, divergent, not closely infolding; no regular iBr , areas filled with 
perisome. Anal x followed by perisome. BA rhombic, obliquely below 
r.post.R. IBr two. Rays unequally developed, the two antero-lateral ones 
being dwarfed. Type, Forbesioerinus obesus Ang. Silurian ; Gotland. 

Anisocrinus Ang. Arms dichotomous. Rays abutting above iBr , perisome 
not exposed. Anal x alone, or with others following ; iBr few, one large, 
alone, or followed by others. BA more or less under r.post.R, above line 
of BB. IBr two. Silurian ; Gotland, and North America (Western Niagara). 

Bycnosaccus Ang. ( Oncocrinus Bather). Arms dichotomous. Rays not 
abutting; no regular iBr, areas wide, filled with perisome. Radial facets 
much less than the width of B . Anal x alone, followed by perisome. BA 
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rhombic, obliquely below r.post.B. IBr one to four. Silurian ; Gotland, 
England, and North America (Niagara of western area and of New York). 

Nipterocrinus Wachsmuth, in Meek and Worthen. Similar to Pycnosaccus , 
but without RA or anal and with infrabasals fused to one. The last 
survivor of this family. Lower Burlington to Keokuk ; Mississippian area, 
North America. 


Family 2. Sagenocrinidae Springer. 

Infrabasals abutting on dorsal side of basals , low and flat , taking little part in 
calyx wall Crown usually large , elongate , expanding above the radials . Rays 
above radials partly or wholly separated all around . Silurian to Lower 
Carboniferous. 

Temnocrinus Springer. Arms dichotomous. Anals and iBr only in lower 
part of interradial areas ; anals more than one abreast. RA in form of R 
under r.post.B. Anal x separating RR and touching post.B. IBr two. 
Type, Taxocrinus tuberculatus Miller. Silurian ; England, (?) North America. 

Meristocrinus Springer. Similar to Temnocrinus , but with anal x followed 
by other plates in series, and IBr three. Type, Taxocrinus loveni Angelin. 
Silurian; Gotland. 

Sagenocrinus Austin. Arms dichotomous. Anal and iBr areas filled with 
solid plates. RA obliquely below r.post.B, usually between BB, and not 
touching r.ant.B. IBr two. Silurian ; England, Gotland, and North 
America (Western Niagara). 

Lithocrinus W. and Sp. ( Forbesiocrinus Ang. non Kon.). No RA. Arms 
heterotomous, with ten main trunks bearing branching ramules. iBr well 
developed in lower part of areas. IBr two. Type, Forbesiocrinus divaricatus 
Ang. Silurian ; Gotland. 

Forbesiocrinus Koninck and Lehon. No RA. Arms dichotomous. iBr 
usually numerous, filling the areas with solid plates. IBr three, except in 
F. agassizi , which has two. The culmination of this family. Lower Carboni- 
ferous (Lower Burlington to Warsaw) ; Belgium. Also Mississippian area, 
North America. 


Family 3. Ickthyocrinidae Wachsmuth and Springer (restr.). 

Infrabasals wholly within the ring of basals , concealed by the column , 
sometimes disappearing by resorption . Crown usually elongate , 

expanding above radials , but often infolding distully. Arms 
usually closely abutting or interlocking. Silurian to Lower 
Carboniferous. 

a. Rays in contact except between posterior radials when separated 
by anal x. 

Ichthyocrinus Conrad (Fig. 305). Arms dichotomous, 
closely interlocking, and infolding. RA in form of R under 
r.post.B. No anal, posterior basal not differentiated. IBr 
two. Silurian; Gotland, England and North America (New 
York and Western Niagara area). 

Clidochirus Ang. Similar to Ichthyocrinus , but with 
posterior basal differentiated, supporting anal x alone, or followed by others. 



Fig. 305. 


Ichthyocrinus laevis 
Conrad. Perfect 
crown. Silurian (Nia- 
gara Group) ; Lock- 
port, New York (after 
Hall). 
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Silurian; Gotland. Silurian to Devonian (Niagara, Manlius, Helderbergian ) ; 
North America. 

J Ieticlithyocrinus Springer. No LA. No anal; posterior basal not differ- 
entiated. Crown rotund. Arms dichotomous, interlocking and infolding. 
IBr two. Type, Ichthyocr. tiaraeformis Hall ex Troost MS. Lower Carbon- 
iferous (Kinderhook to Lower Burlington); Mississippian area: North 
America. 

b. Rays above radials partly or wholly separated all around ; posterior radial^ separattd 
by anal x when present. 

Euryocrinus Phillips. No LA. Arms dichotomous. Anal x followed by 
others in a single series, iBr few, usually in single series. IBr three. Lower 
Carboniferous ; England. Devonian to Lower Burlington ; North America. 

Amphicrinus Springer. Similar to Euryocrinus , but with iBr numerous, in 
more than one series, and primibrachs two. Lower Carboniferous ; Scotland. 

Dadylocrinus Querist. (Dimerocrinus Pacht non Phillips). No LA. Crown 
elongate, expanding from LB up. Arms heterotomous, with twenty main 
trunks bearing ramules. iBr few or absent. Anal x followed by others in 
more than one series, suturally connected at the sides. IBr two. Devonian ; 
Eussia, Belgium. 

Synerocrinus Jaekel ( Forbesiocrinus Trautschold non de Kon.). Similar to 
Dadylocrinus , but with anal x followed by others in series tending to form a 
tube (transition toward Taxocrinidae). Crown more rotund in young 
individuals. Lower Carboniferous ; Bergkalk near Moscow, Eussia. 

TFachsmufhicriaus Springer. Similar to Dadylocrinus , but with no anal 
plate, posterior basal not differentiated. The last survivor of this family in 
America. Type, Forbesiocrinus thiemei Hall. Lower Carboniferous, Kinder- 
hook to Upper Burlington ; Mississippian area ; North America. 

B. All anal plates separated by perisome from adjacent brachials at one or both 
sides, tending to form a tubular series, from posterior basal up. 

Suborder 2. T AXOCBIN OIDEA. 

Family 4. Taxocrinidae Bather emend. Springer. 

Infrabasals usually abutting on dorsal side of basals , but low, talcing little part 
in the calyx wall Crown usually elongate, with arms divergent, and not abutting 
above interbrachial areas. Interbrachials present all around. Ordovician to Lower 
Carboniferous. 

Protaxocrmus Springer ( Taxocrinus An g. pars ; Lecanocrinus Billings). Arms 
dichotomous. LA in form of R , below r.post.E. iBr few. IBr two. Type, 
Taxocrinus ovalis Ang. Ordovician to Silurian; Gotland, Canada and "the 
United States. The geologically earliest known genus of the Flexibilia. 

Gnorimocrinus TT. and Sp. ( Taxocrinus Ang. pars). LA rhombic, obliquely 
below r.post.E. iBr few. IBr two (or three). Type, Taxocrinus expansus 
Ang. Silurian; Gotland and North America, western Niagara area. (?) 
Devonian ; Belgium. 

Eutaxocrinus Springer. No LA. iBr variable. IBr two. Type, Taxo- 
crinus affinis Muller. Silurian and Devonian to basal part of Lower Carboni- 
ferous (Kinderhook) ; Gotland, Germany, North America. 
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Fii; 31 ><j. 


iMtZlUs 


l\u'ucunn s nifn 
W. and Sp , showing 
tegmen, with ambulacra, 
oral?, and open mouth be- 
t\\ een them (after Waclis- 
muth and Springer) 


Taxocrinus Phillips (. Isocrinus Phill, non von Meyer; Cladocriuus Austin non 
Euryalecrinus Austin). (Pigs. 306, 307.) Like Eutuzocrmus, but with 
primibrachs three. De- 
vonian to summit of 
Lower Carboniferous ; 

England, Belgium and 
North America. 

Parichthyocr i n us 
Springer. No BA. iBr 
few. IBr three. Pays 
closely abutting above 
iBr ; arms interlocking 
and infolding distally. 

Has the habitus of 
Ichthyocnnus , but with 
the tube-like anal series of the Taxocrinidae 
well developed. Lower Carboniferous ; 

Upper Burlington and Keokuk ; (?) Coal 
Measures ; Mississippian area, North Amer- 
ica. Type, Ichthyocrimis nobilis (W. and Sp.). 

Onychocrinus Lyon and Cass. ( Oligocrinus 
Springer). Arms heterotomous. Rays 
widely divergent, produced into ten large, 
rounded main trunks, bearing ramules. No 
BA. iBr few or numerous. IBr three to 
six, or more. Lower Carboniferous (Lower 
Burlington to Kaskaskia) ; Mississippian 
area, North America. 

This is the culmination and most ex- 
travagant development of the Taxocrinoid 
type. With the exception of an imperfectly known species, probably of 
this family, from the Lower Coal Measures, this and a depauperate species 
of Taxocrinus are the last survivors of the Flexibilia, 



Fig 307. 

Ttuocrin.it* ivlletti White Perfect crown. 
Lower Carboniferous ; Crawfordsville, Tnd. 
Usually known m collections as T. mticli, or 
T. niultibrachiatiis (F. Springer, original). 


Incertae sedis. 

Edriocrinus Hall. Superficially resembles Holopus , and its position is 
doubtful. Has broad branching arms, with shallow ventral groove, short 
brachials, and no pinnules. No stem ; basals fused into a rounded conical 
mass, attached by a flattened surface when young, free in the adult. Radiakf 
five, with anal plate in same range. Lower Devonian (Helderbergian, 
Oriskany) ; New York, Maryland, Tennessee. 

Caleidocrinus Waagen and Jahn. Probably an Inadunate Crinoid, with 
anal side not differentiated in dorsal cup. Silurian ; Bohemia. 

Bhopalocrinus W. and Sp. Founded on a unique specimen described as 
Taxocrinus gracilis Schultze, but does not belong to this group. It has a 
strongly plated anal tube reaching to height of the arms, and might be 
described as a dicyclic Synbathocrinoid, with some interbrachial plates. 
Middle Devonian ; Eifel. 
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Order 3. INADUNATA Wachsmuth and Springer. 

Crinoidea m which the arms are free above the radiate : dorse 1 Hunted to 
radials, basals , iafrabasals when present, and a md plates; to) inter radiate or inter - 
brachials except at the posterior (anal) side , and l radiate never nomad)/ incorporated 
in the cup. All plates of the cup united by dose suture. Mouth sub-tegminal. 

Suborder 1. LARVIFORMIA Wachsmuth and Springer. 

(Eaplocrinacea Xeumayr : Larvafa Jaekel pars). 

Monocyclic (except Cupressocrinus). Calyx consisting *>edy of basals (with or 
without inf r aba sals), radiate , and orate , without anal plates , and usually without 
visible ambulacra. All plates immovably united ly close suture. Arms non - 
pinnulate , simple and uniserial (exception, the doubtful Stephanocrinus). Silurian 
to Carboniferous. 

The simplest form of the Crinoidea ; containing only plates found in the larval or very 
young stage of existing types, without any supplementary plates whatever except such as 
may belong to an arm-like anal tube. They are usually small, one genus. Alloyed inns, 
almost microscopic. Similar minute forms may yet be found in the pre-Silurian formations, 
from which their absence thus far has been urged as an objection to the validity of the group, 
considered as a phylogenetic representative of the larval stage. It must be admitted that its 
limits are not very well defined, but the typical form is Hayten'ir us. 


Family 1. Stephanocrinidae Wachsmuth and Springer. 

Monocyclic . Calyx cup-shaped, composed of three elongate basals, jive radiate, 
and five orals, with ambulacra. Radiate deeply forked ; the prongs formed ly the 
margins of two contiguous radiate extending upicard between the arms, in spinelike 
processes. First costals semil unate and resting uithin a hoi'seshoe-like concavity near 
the outer end of radial incisions. Teamen consisting of the orals, surrounding a 
central space, which is roofed over by five greatly modified ambulacrals in form of 
a flattened pyramid of triangular plates; with anchylosed covering plates extending 
outward to the arm bases. Anal aperture between posterior oral and inferradial 
process. Arms with one short biserial trunk to 
the ray, giving off slender biserial, non-pinnulaie . * 
side arms from the outer shoulder of each brachial. 

Ordovician and Silurian. 

Stephanocrinus Conrad ( PJiombifem Barr.) 

(Fig. 308). This unique genus is an inter- 
mediate form, variously considered by different 
authors as a Blastoid, a Cystid, or a Crinoid. 

The presence of branching biserial arms, as fig. 3us. 

pointed out by Wachsmuth and Springer, nun* augioatn* Commi an- 

r J , . ,, n . • j 1,-! r unan; Lockport, New York, r», Side view 

makes it unquestionably a Urinoid, aitnougn 0 f calyx, natural size ; h, Summit aspect, 

not normal for the present group, in which it °‘ tte 

is placed on account of its simple and primitive 

type of calyx. The forked radials, resemblance of the orals to the deltoids, 
and the orientation of the small basal in the right anterior position instead 
of the left anterior as in other Crinoids with three basals, are all characters 
which indicate a close relationship to the Blastoids. Ordovician ; Bohemia. 
Silurian ; North America. 
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Family 2. Pisocrinidae Angelin. 

Monocyclic . Basals three to five ; radials five, very unequal, the right posterior 

and right anterior compound, left posterior and anterior usually 
much the largest. Arms simple, uniserial and composed of long, 
cylindrical joints. Silurian and Devonian. 

Pisocrinus de Kon. (Fig. 309, A). Calyx small, globose. 
B five, unequal, forming a triangle. Only the large an- 
terior, and the left posterior radial resting upon the 
basals ; one large plate, the radianal, serves as inferradial 
for both right posterior and right anterior radials, and 
also meets the basals. Anal or first tube-plate above line 
of radials, followed by a tube. Articular facets of the 
radials impressed between vertical partitions formed by 
the lateral margins of the plates. Tegmen rarely pre- 
served, but as observed by Wachsmuth and Springer in 
P . pilula, consisting of five large symmetrical orals, above 
which rises a narrow anal tube. Arms long, and com- 
posed of extremely elongate, cylindrical ossicles. Silurian ; 
Gotland, Dudley, England and North America (Niagara 
Group). 

Triacrinus Miinst. (Fig. 309, B). Differs from the pre- 
ceding in having but three B. Wachsmuth and Springer 
have shown, however, that some of the Eifel specimens 
occasionally have five B, thus leading to the inference that 
fig. 809. the two forms are identical. Middle Devonian ; Eifel. 

Calycanthocrinus Follmann. B three. Additional small 

Lower 



A, Pisocrinus Jtar/ellifer 
Ang. Silurian ; Gotland. 

a, Perfect specimen r. arm-bearing plates introduced between the radials. 

posterior view , b, Calyx 

■ * ' Devonian ; Germany. 

and Slocum, 


Eypsocrinus Springer and Slocum. Calyx elongate. 
B five. Arm facets wide, shallow, concave, filling a greater 
part of radial margin. 


seen from r. ant. side , c, 

From below. Vi (after 
Angelin). B, Triacrmus 
alius Mull. Devonian ; 

Gerolstem, Eifel. a. 

Calyx seen from r. post. 

side;*, From below*. R ant. radial has'in- 
ferradial distinct from radianal. Middle 
Devonian ; North America. 

Family 3. Haplocrinidae Roemer. 

Monocyclic. Calyx small, pyriform to 
globose . Basals five. Three of the radials 
compound, the others, left posterior and an- 
terior, simple, and much the largest. Orals 
large, triangular to pentagonal , laterally in 
contact. Arms five. Devonian. 

Haploerinus Steining. (Fig. 310). 

Arm facets narrow, indented upon distal 
face of radials. Arms small, simple, 
uniserial, resting within deep grooves formed along the sides of the orals. 
Orals large, pentagonal, and laterally in contact; the posterior one inter- 




Fig. 310. 

Haplomnus mei>pihfoimu> Goldf. Devonian; 
Gerolstem, Eifel a, Calyx seen from one side, 
ft, Seen from above ; e, Seen from below , d, Analysis 
of calyx ; 5, Basals ; x, the three unsymmetrical 
plates situated between basals and radials, r, 
Radials ; hr. First arm-ossicle ; o, Orals (anterior 
side to the right). 
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locking with the others, and pierced by a small anal opening. Mouth 
subtegminal; column composed of thin joints. Not uncommon in the 
Middle Devonian of the Eifel and Nassau ; sparse in the Upper Devonian of 
North America. 

Family 4. Allagecrinidae Etheridge and Caipenter. 

Monocyclic, Calyx very small , sometimes almost microscopic. Basalsfive , radiah 
five , of irregular form and size. Some of the radial s axillary and supporting two 
arms; others truncate and supporting hut one arm; their aitkulur facets pi Glided 
with transverse ridges and large muscle plates. Lower Carboniferous. 

Allagecrinus E. and C. B completely anchylosed in the adult, and the 
suture lines between the orals also disappearing with age. Stem largest nest 
to the calyx, rapidly tapering downward. Carboniferous (Kinderhook to 
Coal Measures) ; Great Britain and North America. 


Family 5. Synbathocrinidae Wachsmuth and Springer. 

Monocyclic. Calyx small , bowl-shaped , composed of three unequal or of five equal 
basals, and five nearly equal radials. Tegmen formed by five small , asymmetrical 
orals; between these and the posterior radials arises a long anal tube, following an 
anal , or first tube-plate , resting on the shoulders of the posterior radials. Entire 
upper edges of the radials bevelled off so as to form straight articular facets , which 
are furnished with well-developed transverse ridges. Arms five , simple ; column 
round. Devonian and Carboniferous. 

Fhimocrinus Schultze. The most primitive form of the family, having five 
basals, and traces of transverse bisection of three radials as in Heterocrinus . 
Devonian; Europe. 

Synbathocrinus Phill. ( Lageniocrinus de Koninck). B three, unequal ; B five, 
quadrangular or pentagonal. Anal tube long, slender, resting partly upon 
the shoulder of the right posterior radial ; it is composed of a longitudinal 
series of strong plates with a crescentic section on the dorsal side, and small 
plates resembling perisome on the opposite side. Arms long, uniserial, and 
composed of comparatively thick ossicles with sharp angular edges. Devonian 
and Carboniferous ; Great Britain and North America. 

Stylocrinus Sandb. Distinguished from Synbathocrinus mainly by the 
character of the radial facets, which are directed obliquely downward and 
inward, instead of upward and outward. Devonian ; Europe. 

Stortingocrinus Schultze. Devonian. 

Family 6. Oupressoorinidae d’Orbigny. 

Dicyclic . Calyx large , basin-shaped , composed of five equal basals and five equal 

radials ; the basals enclosing a central pentagonal plate , which represents five anchylosed 
infrabasals . Upper faces of radials broad , truncate , and forming an even horizontal 

line. Costals compressed , flange-shaped . A peculiar annular structure , the so-called 

“ consolidating apparatus 57 situated on the upper interior margin of the calyx between 
the arm-bases . Arms five, simple, uniserial and closely folded ; they are composed of 
broad, thick plates , united by dose sutures, and are traversed by a well-developed 
VOL. I P 
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dorsal canal . Column •pierced by a large axial and three , four or five peripheral 
canals. Devonian. Represented by a single genus, which probably does not 

belong to this suborder, but 
whose systematic affinities have 
not been satisfactorily deter- 
mined. 

Cupressocrimis Gold! (Fig. 
311). Tegmen flat ; the greater 
part of it occupied by the so- 
called consolidating apparatus. 
This is composed of five 
petaloid, horizontally trun- 
cated interradial pieces, which 
are laterally in contact, and 
enclose a large, central open 
space ; these are probably 
modified orals, and served in 
part for the attachment of 
muscles. Five round aper- 
tures, through which the 
jfig. 3 ii. - ambulacra entered the calyx, 

CupreMennua atti+Vh Goldf. Devonian ; Gerolstein, Eifel. perforate the divisions between 
Perfect specimen, natural size; &, Cross-section of column, +hp cnnqnliHflrirxy nlntfxs • nnp 
e, Fused intrabasals ; d, Section through the folded-up arms, Lne consoiiaa “ m g P lates , One 
showing plated cm erint* of am bulacral fun ovs a,, and dorsal canals of the latter is pierced bv tbe 

perforating the ossicles ; e, Interior of calyx Irom above, showing 7 . ■%_. _ * . 

the h\e consolidating plates, the lowermost containing the anal anal Opening (i? lg. 311, 6 ). 
opening ; f Radial pierced by ambulaeial opening, but with wall A™* T7y ,^ 7r * n • 

covering the same partly broken away , g, Sule-uew of radial m provided WItn a Wide 

seriedmtact ng ' like co ' erm “ ° f the ambulacral °P enm s ls P re ' and deep ventral furrow, lined 

on both sides with jointed, 
closely abutting appendages ; of these there are several to each arm-plate, 
thus showing that they are different from true pinnules. Middle Devonian ; 
Eifel, Harz, Nassau and Westphalia. 



Suborder 2. FISTULATA Wachsmuth and Springer. 

Tegmen composed of numerous plates , consisting either of orals with snpra-tegminal 
ambulacra passing over their edges , and interambulacra , or of more or less undiffer- 
entiated plates without identifiable orals or ambulacrals. Posterior interambulacrum 
usually more or less extended into a strongly plated anal tube or ventral sac. Arms 
pinnulate or non-pinnnlate, usually uniserial, but biserial in some later genera. Base 
monocyclic or dicyclic. Ordovician to Trias. 

The Fistulata are characterised, in their typical genera, by a great development of the 
posterior interradius, which is extended upward in the form of an anal tube or a ventral sac. In 
the former case the anus is at the distal end ; orals are more or less represented in the tegmen, 
the posterior one being often perforated ( madreporite ). In the latter the extension involves 
almost the entire tegmen ; the plates of the sac are often perforated by small, round or slit- 
like pores (respiratory pores) ; all traces of orals are lost ; and a curious reversal takes place 
m the position of the anal opening, which, instead of being at the distal end, or posterior, is 
on the anterior side of the sac, either at the base, or part way up, sometimes through a 
lateral spout. 

In some of the early families the radials are transversely bisected in one, two, or three 
rays, producing compound radials, as in some Larviformia. When three radials are thus 
compound they are usually in the right posterior, and right and left anterior rays : but when 
there is only one, it is constantly that to the right of the anal area, the right posterior. The 
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latter condition is the longest lived, pei sitting to *ate in the CarLon.ftr.t while tie former 
did not survive the Devonian, and was chiefiv confined among the Fistmata to 0: lovician rorms. 
The superradial, or arm- hearing portion hi the plate, is in some earhe: f ::n- much the 
smallest part, resting on the right shoulder of the :n:errad:ah or lower portion : :n others it 
is nearer equal to, and directly m line with the infeira hal ; :n later forms it :s pushed to the 
right by the gradual increase m width of the posterior intcrraditia or ventral sae. 

The inferradial, because of its supporting Vne sac, as is usually the case anions the later 
forms, has received the name of radianal. Primitively, however, a- was show'll lirst by 
Wachsmuth and Springer, and subsequently by Carpenter and Lather, the radianal represents 
the lower portion of the right posterior radial ; and it has, therefore, nothing in common 
with the anal plate, which is a specialised mterradiah The phases exhibited by the radianal 
in its progressive structural development furnish excellent differential characters. From its 
primitive radial position directly under the right posterior ray, it shifts upward to a left 
oblique position, and is then eliminated m the later Carboniferous, substantially parallel to its 
course in the Flexibilia. 

Under the Fistulatct are included the following families; Hjbucri >d Hi. tester in ulw\ 
Anomalocnnidae , Calceocnnidac , Ccttillocriiiidae, Belehtnoerinidat , comprising the monocyclic 
forms ; and Dead roc naidcte, Crotalocri aider e , Cyathocrlaidue, with subfamilies Caralocrininae, 
Gasterocoj/iinae and Cyathoeri ninae ; Botnjocnaidue ; Poierivcrinidne , with subfamilies 
Poteriocrininae , Gmphiocnniaae and Eacriainae, comprising the dicyelie forms. 

Family 1. Hybocrinidae Zittel. 

Monocyclic; basals five. Radial $ large; the right posterior radial compound; 
the inferradial almost as large as the other radial s, supporting on its right shoulder 
the superradial , and on its left the first plate of the tuhe , or anal plate , which does not 
enter the dorsal cup. Ventral tuhe or sac in its most primitive form, extending hut 
little above the rest of the tegmen; superradial very small , sometimes undeveloped. 
Arm facet small , round, less than tcidth of radial; arms simple, uniserial, non- 
pinnulate . Orals large, with ambulacra resting on their adjacent edges • posterior 
one pierced by hydropore . Lower Ordovician. 

Eybocystis AT etherby. Three of the rays bearing primitive arms composed 
of but few joints, with ambulacral furrows passing from the ventral to the dorsal 
side of the arms, and continued upon the surface of the B. The two other 
rays are without arms, and the ambulacra follow the surface of the calyx, and 
may pass down so far as to enter the basals. Anus through a 
valvular pyramid surrounded by integument of small plates 
between posterior oral and distal edge of the anal plate. Stem 
round. Ordovician (Trenton) ; Kentucky and Canada. 

Eybocrinus Billings. Similar to Eybocystis , hut with five 
regular arms, and no recurrent ambulacra. Anus either 
through a valvular pyramid or simple opening. Ordovician 
(Trenton) ; Canada and Kentucky. 

Eoplocrinus Grewingk (Fig. 312). Like the preceding, 
but with the inferradial sloping only to the right, and sup- orto^m ; 
porting a small, trigonal superradial. On the left it supports see^froni the anal 
small plates of the ventral sac, without the intervention of a ^ e gk) . (after Gre * 
larger plate. Ordovician ; St. Petersburg. 

Baerocrinus Volborth. Like Eoplocrinus, but the right posterior and the 
anterior ray without arms; apparently inferradials only are developed. 
Ordovician ; St. Petersburg. 

Family 2. Heterocrinidae Zittel. 

Monocyclic; basals five. Calyx usually elongate conical. One or more of the 
radials compound . The superradial of the right posterior ray supporting to the 
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right the 'primary brachials , and to the left an anal tube or sac ; the first plate of 
this , corresponding to the anal x, may be entirely above the level of the radials , or , as 
usually , may slightly indent their upper corners at the posterior interradial suture; 
but never fully enters the dorsal cup. Arms non-pinnulate , uniserial , dichotomous or 
heterotomous. Eadial facets usually wide and straight. Tegmen not well known . 
Ordovician and Silurian. 

Heterocrinus Hall ( Stenocrinus TV. and Sp.). Crown subcylindrical, calyx 
small. Three radials transversely, more or less equally bisected, or com- 
pound; these being, in addition to the right posterior, the right and left 
anterior, or sometimes the anterior in place of the latter. Anal tube delicate 
and straight; first tube-plate resting on the shoulders of both posterior 
radials, but not further entering the cup. Arms irregularly dichotomous, 
somewhat divergent. Stem pentagonal, quinquepartite, with interradial 
sutures. Ordovician; North America. 

Ohiocrinus TV. and Sp. Calyx and stem as in Heterocrinus. Arms hetero- 
tomous, having ten main branches not in close contact, and somewhat sinuous, 
with ramules which usually branch again. Ventral sac large, and usually 
convoluted. Ordovician; North America. 

Ectenocrinus S. A. Miller {Heterocrinus TV. and Sp., non Hall). Calyx about 
as in the preceding. Arms heterotomous, with ten main branches, straight, 
rather closely abutting, composed of a continuous series of syzygies of two 
plates each, the epizygals giving off ramules. Stem round, tripartite. 
Ordovician; North America. 

Iocrinus Hall. Only one radial compound, the right posterior, the lower 
part of which is of about the same size as the other radials, which are all large. 
The superradial is short, resembling an axillary brachial, supporting on its 
right shoulder an arm and on the left a series of plates forming the arm-like 
dorsal ridge of a strong anal tube or sac, of complicated structure ; first tube 
plate entirely above the level of radials, and not entering the dorsal cup at all. 
Arms dichotomous, branching frequently: Stem pentagonal, quinquepartite, 
with interradial sutures, the pentameres radially disposed. Ordovician ; 
North America. 

Herpetocrinus Salter {Ophiocrinus Charles w.; Myelodactylus and (?) Brachio- 
crinus Hall). A specialised form with crown of the Iocrinoid type, habitually 
enclosed by the coiled stem, whose structure is modified accordingly. The 
crown is rarely seen, being bent backward, and usually closely enveloped by 
the stem, which is then coiled around it in the opposite direction. One ray is 
dwarfed, either not branching or entirely aborted. The right posterior radial 
alone is compound, the superradial supporting the series of tube-plates entirely 
above the level of the radials, as in Iocrinus. Anal tube long and narrow, 
composed of a series of heavy plates resembling brachials dorsally, with 
perisome on the other side. Arms more or less irregularly dichotomous. The 
stem could be tightly coiled, or uncoiled exposing the crown ; but the latter 
condition is rarely found in the fossils. Resulting from this the stem has lost 
its cylindrical form, being more or less concave at one side, with its columnals 
crescentric in section, and bearing on the horns of the crescents two longitudinal 
rows of strong cirri. The remarkable resemblance of the coiled cirriferous 
stem to a pinnulate arm has misled many students, for the crown is usually 
concealed. Silurian ; North America and Europe. 
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Family 3 . Anornalocrinidae TTacinmurh r.:A Sprii.ger. 

Monocyclic ; basal $ fin. Calyx broadly roluod in form . Termer r> ,..7, i**<wpo$*d 
chief y of large modified amhulacrals and ini? rand Mac cols* Lxttudlhg y.rtr'toAy Inf** 
a large expanding anal tube or sac. Radials very large, Uio of them — tin light 
posterior and left anterolateral — compound , ell of Hum laterally in conic*! ; itfcnodtal 
rarely larger than the superradial ; the lower tnhe-pia+e, or anal x. resting in the 
angle formed by the superradial to the right , end the upper end of the simple radio 7 
to the left , but not entering the cup. Radial facets circular and very small. f Arms 
relatively slender , uniserial , and bifurcating several times at somewhat irregular 
intervals. Small armlets given off from each arm-joint on one side oidy, alternately 
in the successive dickotoms. Column strong , round, attached by an encrusting root. 
Ordovician. 

- Anomalocrinus M. and W. (Ataxocrin us Lyon). The only genus of the 
family. The statements heretofore current that one radial is often longi- 
tudinally bisected, and that there is a small supplementary piece within 
the basal ring, are based on abnormal specimens only. Ordovician; North 
America. 


Family 4. Cremacrinidae Ulrich Ualccvcrirddae M. and TY7. 

Monocyclic Inadunata , in which a bilateral symmetry along the left anterior 
radius and right posterior inter radius has been superinduced in conjunction with 
bending of the crown on the stem in such a way that the right posterior interray lies 
along the stem ; with the left anterior , right posterior and right anterior radials com- 
pound; with anal x (IRA) shifted over the right posterior radius , usually into the 
right posterior interradius, and supporting a massive tube ; with three , rarely four, 
arms, of which two are as a rule peculiarly modified and bear armlets or pinnules. 
(From Bather, “ The Crinoidea of Gotland.”) Ordovician to Lower Carbon- 
iferous. 

Gremacrinus Ulr. ( Castocrinus Ringueb.). B distinct, all entering into the 
articular surface of the stem. The right posterior, and right anterior super- 
radials joined by ill-defined close suture, each abutting with one side on the 
adjacent large simple R. The lower plate of the tube supported by the 
right posterior superradial only, while the right anterior superradial supports 
the first brachial of the right anterior arm. The right posterior and right 
anterior superradials separated from one another, and also from the ventral 
tube, by the right posterior and right anterior R . Arms four. Ordovician ; 
North America. Type, C. pundatus Ulr. 

Euchirocrinus Meek and Worthen (1 Cheirocrinus Hall, non Eichwald ; Pro- 
clmcrinns Ringueb.). B unfused, or perhaps sometimes the left posterior fused 
with the left anterior one. The right posterior and right anterior super- 
radials fused in a T-shaped piece, which abuts with either wing on the 
corners of the large simple R . The right posterior and right anterior 
inferradials separated from one another and from the tube by the T-piece ; 
tube supported by the whole upper margin of the latter. Arms three. 
Silurian ; North America. Type, E. chrysalis (Hall). 

Deltacrinus Ulrich ( Cheirocrinm Salter, nom. nudum ; Calceocrinus Hall em. 
Ringueberg). Left posterior basal fused with the left anterior one; the 
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fused plates very rarely entering the stem articulation. The posterior and 
right anterior basals bounded for some distance by the large B. T-plate 
separated from the large simple B by the right posterior and right anterior 
radials ; it is low, wide, and occasionally very small. Tube supported by 
the T-piece and the two inferradials to the right, but not touching the two 
large simple radials. Arms three. Silurian and Devonian; Europe and 
America. Type, D. clams (Hall). 

Halysiocrinus Ulrich em. Bather. B as in the preceding, but the fused 
posterior and right anterior ones never entering into the stem articulation. 
T-piece either obsolete or concealed between the right posterior and right 
anterior inferradials, and the two large radials in the stem articulation. 
Tube supported by the inferradials to the right, which are in contact, and 
abutting by its lower corners on the two large simple B . Arms three. Bur- 
lington and Keokuk Groups; Mississippi Valley. Type, 27. dadylus (Hall). 

Family 5. Catillocrinidae Wacksmnth and Springer. 

Base monocyclic ; dorsal cup low and broad ; general symmetry of the calyx 
greatly disturbed. Basals more or less fused , their number doubtful ; radials still 
• more irregular both in form and in size. Most of the arms given off from two of 
the radials , which are sometimes five or six times larger than the other three ; they 
are simple , quadrangular , non-pinnulate , and rest within small sockets directly upon 
the radials. Anal plates wanting. Anal tube heavy , composed of very long , 
longitudinally arranged crescent-shaped pieces , and supported directly by the radials ; 
it exhibits a wide open groove along the anterior side , which probably was covered by 
small delicate plates. Devonian and Lower Carboniferous. 

Mycocrinus Schultze. Dorsal cup mushroom -shaped. Plates massive, 
irregular, and without ornamentation. B two (according to Schultze), one of 
them twice as large as the other, and the two forming a knob-like body. B 
five, their inner edges resting upon the angular margin of the basal disk ; they 
spread broadly outward from the B , extending far beyond them. The two 
larger B separated at the posterior side by two equal smaller plates ; and at 
the anterior side by a single plate having a quite narrow upper face. M. 
boletus Schultze has apparently fifteen arms, their structure unknown. Middle 
Devonian; Eifel. 

Catillocrinus Shumard ex Troost (Nematocrinus M. and W.). Crown, when 
the arms are closed, elongate, cylindrical. Dorsal cup basin-shaped, concave at 
the base, truncate at its upper margin. Basal disk small. B five; those 
of the two antero-lateral rays fully six times as wide as the others, and 
expanding upwards, so as to encroach upon the smaller ones. The larger B 
support each twelve to sixteen arms ; the smaller ones rarely more than one 
each. Lower Carboniferous ; North America. 


Family 6. Belemnocrinidae Wachsmuth and Springer. 

Base monocyclic; cylindrical to ovoid . B is composed of five large , elongate , 
irregular pieces , and is pierced by a small canal which widens slightly at the upper 
end. Badials five , quadrangular , and separated posteriorly by a narrow anal. 
Ventral sac large , composed of hexagonal plates , the angles of which are perforated. 
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Arms long, giving off or adds alter unfdg a? thienyls. C / : ,>*,</ tgonal ; 

in the latter case having its angles mdodhj dlrcdtd, ami dr 1 idle - h*er radio 1 . 
Lower Carboniferous. 

Belemnocrinus TV Lite ( Missouricnnvs S. A, Miller;. The only genus, very 
rare. Burlington Group ; Mississippian area, North Am erica. 

Family 7. Dendrocrinidae Bather. 

Dicyclic. Structure of tegmen not well kif>v:n, probaVy run* post d chiefly of 
undifferentiated plates , more or less e Ac tided into a tube or $»e. s* on dimes resembling 
an ann proximally , and usually with anal opening at the distal end. Anns unis* rial, 
either dichotomous and strictly non-pi nmdate, or heterof omens with main rami leaving 
lateral ramules tending to incipient pinnulafion. Loose, irregnar tide Arc duals 
occasionally present in lower part of inter radius in some genera. Bodianal in 
primitive position in form of radial under the right posterior ray. Badial facets 
wide or narrow; mode of union ivith proximal Irachials not well known, hut 
probably by modified or imperfect muscular a/ticulation . Infralasals fee. Stem 
usually round, sometimes pentagonal and quinquepartite. Ordovician and Silurian. 

- This assemblage of early genera may be considered as a sort of composite family, in which 
are embraced a number of characters which later became fixed as valid family criteria. They 
are all primitive in the position of the radianal, and therein differ from all later Fistulata. 
The presence of interbrachials irregularly in some genera, c.o. Ctpidocrinus and Ottaicacrinus, 
which are foreign to the Inadunata, indicates a close /elation to the Flexihilia ; and as 
Springer has shown, there are good reasons for considering the first of these genera as very 
close to the ancestral type of the two orders. 

Merocrinus AYalcott. Anns dichotomous, branching. Radial facets wide, 
shallow, nearly straight. No anal plate in line with radials. Anal tube at 
the base resembling an arm branching from the left side of the axillary right 
posterior superradial. The genus might be considered as a dicyclic Iocrinus. 
Ordovician ; North America and England. 

Cupulocrinus d’Orb. (Scyphocrinus Hall, non Zenker). Arms and radial 
facets about as in the preceding. Large anal x in line with radials, truncate 
above, supporting a large tapering anal tube, with a median row of large 
plates dorsally, bordered by perisome, rising only about half the height of 
the arms. Small irregular interbrachials often present in primary axils. 
Ordovician \ Canada and Kentucky. 

Thenarocrinus Bather. Dorsal cup similar to the preceding, but radianal 
slightly to left and touching infrabasals. Anal tube large and long, composed 
of transversely folded plates, without median ridge or perisome. Silurian ; 
England. 

Dendrocrinus Hall. Radial facets narrow and semicircular. Arms dicho- 
tomous, branching many times, and very slender. Anal x in line with radials, 
angular above. Anal tube wide, long, composed of hexagonal plates in 
vertical parallel columns. Ordovician and Silurian ; North America. 

Ottawacrinus W. R. Billings. Arms heterotomous, with ten main branches, 
bearing lateral ramules, which may subdivide, or may approach the pinnulate 
stage. Anal x in line with radials ; tube wide, rising the full height of the 
arms. Radial facets wide and nearly straight. Ordovician ; Canada. 

Gothoerinus Bather. Similar to preceding, but with radial facets narrow 
and curved, and shorter ramules. Silurian ; Gotland. 
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Family 8. Crotalocrinidae Angelin (emend. Wachsm. and Springer). 

Dicychc . Infrabasals jive . Calyx resembling that of Cyathocrinns , but with 
lower brachials more or less rigidly incorporated into dorsal cup by lateral contact 
among themselves , with the radials , and with legmen plates . Tegmen composed of 
numerous rigid plates , chiefly modified ambulacrals and interambulacrals , with orals 
more or less exposed, and alternating covering plates often very definitely arranged. 
No interradials except at anal side . No radianal ; anal x in line with radials ; 
anus directly through the tegmen or at the end of a shoii protuberance. Arms non- 
pinnulate , uniserial. Axial canal in arms distinct. Stem large , rowul. Silurian. 

The systematic position of this family is uncertain. The usual rigid incorporation of the 
lower brachials in the dorsal cup by inclusion within the radial facet, and by connection 
with solid tegmen, analogous to what is seen in camerate genera like Mctrsipocrinus and 
Ptcrotocrinus , points to a connection with the Camerata, as claimed by Wachsmnth and 
Springer. This feature is subject to considerable variation, being usually not so pronounced 
in young specimens, in which the brachials are more nearly isolated. On the other hand the 
resemblance in habitus of calyx to the Inadunata, as Bather has suggested, is equally 
striking ; while the absence of pinnules in the arms seems to this reviser a strong reason 
in favour of Inadunate affinities. The structure of the tegmen would place it close to the 
Cyathocrinidae. 

Enallocrinus d’Orb. Infrabasals five. Anal plate one, not always 
truncating the posterior basal. Radial facets wide and shallow, bearing 


a u 
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Fig. 313. 

,1, Grotalocrimib pulcher Hising ( Anthocrinub luveni Muller) Silurian ; Gotland. Crown with folded arms. 
ft, Portion of stem. C, Cross-section of four contiguous arm-ossicles of the network. D, Dorsal aspect of 
arm-plates, showing their intimate union ; those above the two rows figured have been broken away so as to 
expose the side-pieces and covenng plates of the ambulacral furrows. E, Tegmen of C. nigo&uh Miller (after 
Angelin). 


directly on their distal edge a triangular primibracb and one to three further 
orders of brachials at each side. Arms long, frequently dichotomising, and 
becoming free above the first few brachials. Silurian ; Gotland, England. 

Crotalocrinus Austin (Anthocrinus Muller) (Fig. 313). Similar to Enallo- 
crinus, but arm-branches united by lateral processes from each brachial, 
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forming a flexible network, which mar be continuous all around the crown 
or be divided into five broad, reticulate, fan-like fronds. In the calyx of 
some young specimens the radial facet is narrow, semicircular, evidently 
bearing the brachials in the usual succession. Axial canal distinct in arms 
but not perforating radials, which are thin. Stem terminating in a thick, 
branching root. Silurian ; Gotland, England and North America. 

Pefalocrinus "Weller, from the Silurian of North America and Gotland, 
with its arms united by lateral fusion into five ponderous fans, has some 
resemblance to Crotalocrinus, , but seems to have no anal plate. It may be 
nearer to the Gasterocrinidae. 


Family 9. Cyathocrinidae Hoemer (emend. Waeksm. and Springer / 

Dicyclic. Tegmen strong , composed of rather large orals more or less exposed, 
surrounding hut not covering the peristome ; rigid ambulacra 1 s supposed on their 
adjacent edges , meeting above the oral centre and often greatly modified ; and in ft r- 
ambulacrals , which often encroach upon and obscure the other plates. Posterior oral 
frequently a madreporite. Anus located either in the posterior interamhdacrum 
directly through the tegmen , or at the distal end of a plated anal tube , or dorsally 
through the side of the cup . Arms non-pinmdate. Padial facets usually semi - 
circular , less than the width of the radial. Union of radials with proximal brachials 
usually by incomplete aiiiculation upon undifferentiated joint faces, with concavo- 
convex surfaces , , without true transverse ridge , though with occasional traces of it. 
Infrabasals usually five . Stem usually round. 


Subfamily A. Carabocrixixae. 

Arms usually dichotomous ; heferotomous in some of the later genera. Padianal' 
obliquely to left of right posterior radial. Anal x present. Posterior oral usually 
a madreporite. Infrabasals five. Stem usually round. Ordovician to Lower 
Carboniferous. 


Carabocrinus Billings. PA completely separating BP, and having a 
supplemental plate intercalated below it, touching IBB. Anal x large, in 
line with radials. Anus directly through the teg- , t ?, 

men. Arms branching. Posterior oral pierced by 
hydropore. Ordovician (Trenton) ; Canada and 
Kentucky. 

Strophocrinus Sardeson. Ordovician ; Minnesota. 

Porocrinus Billings (Fig. 314). PA smaller, rhom- 
boidal, not separating BB. Arms ten, unbranched. 

Calyx plates deeply folded at the angles, but folds 
do not cross the sutures or form true pore-rhombs. 

Anus in a slight protuberance. Referred by some 



Fig. 314. 

, iW* ktljius cojiu'Us Billings*. 

authors to the Cystids. Ordovician ; Canada, Ken- p. 

tucky and Russia. 

Pataeocrinus Billings. PA as in preceding genus. 

Arms branching several times; slender, rising from 
a small curved facet. Anal tube small. Ordovician ; Canada and Kentucky. 

Homocrinus Hall. PA as in preceding. Arms branching, strong ; radial 
facets wider than usual in the family, nearly straight. Anal tube large, 


nvhatm> BVyr. Ordovician; St 
Petersburg. Calyx plates show- 
ing fold s at angles. Considerably 
enlarged (after Beyrich). 
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composed of numerous small plates. Silurian and Devonian ; North America 
and Europe. 

Badrocrinus Schnur, in Steininger. Similar to Homocrinus , but with 
narrower facets. Devonian ; Germany. 

Euspirocrinus Angelin (Fig. 267). Dorsal cup conical. BA small, pent- 
agonal. Anal x rising above level of BB, with a plate of the anal tube 
partly in the cup beside it. Anus at the end of a strong tube. Arms 
dichotomous, branching. Ordovician ; Canada. Silurian ; Gotland. 

Closterocrims and Ampheristocrinns Hall. Imperfectly known. Silurian ; 
North America. 

Sphaerocrmus Eoemer. Dorsal cup globose. BA larger ; x not rising 

above BB. Anus directly through the tegmen. Axial canal separate from 

ventral groove in radials and brachials. Arms 
unknown. Devonian ; Germany and England. 

Parisocrinus W. and Sp. (Fig. 315, which is 
reversed). Dorsal cup elongate. BA large ; x not 
rising above level of BB. Anal tube very broad 
and long, rising to height of the arms, composed 
of hexagonal plates and profusely perforated with 
pores at the sides of the plates ; anus at the distal 
end, surrounded by a circlet of strong plates. 
Arms dichotomous, branching frequently. Devon- 
ian to Lower Carboniferous (Keokuk); Germany, 
England and North. America. 

Vasocrinus Lyon. Calyx broad, hemispherical. 
Arms heterotomous, with ten main rami bearing 
strong ramules which may branch again ; the rami 
divergent, and not in contact above the axillary 
Anal tube broad below, rather short and tapering, 
not divided, and with very small axial canal. 
Devonian to Lower Carboniferous (Keokuk); North America. 

j Barycrinus Wachsmuth. Calyx and arms as in Vasocrinus, , but rami and 
ramules usually heavier. Eami in contact by one or two brachials above the 
axillary. BA small, quadrangular, frequently entirely wanting, in which 
case a small specimen cannot certainly be distinguished from Cyathocrinus by 
the calyx alone, although in general the arm facets are larger, and directed 
upward more than in that genus. Anal tube broad and short. Stem un- 
usually large, quinquepartite, with a very wide axial canal. Specimens 
attaining a large size. Lower Carboniferous (Lower Burlington to Warsaw) ; 
Mississippian area, North America. 

Goniacrinus Miller and Gurley. Calyx small, elongate. Arms hetero- 
tomous, with small ramules borne on ten main branches; facets directed 
upward. BA small. Anal x in line with radials, followed by others in a 
prominent series between the posterior rays, passing into a tube. Lower 
Carboniferous ; North America. 

AteUstoarinus W. and Sp. Calyx elongate. Arms heterotomous, with 
delicate ramules. BA of good size. Anterior ray is not arm -bearing. 
Lower Carboniferous (Burlington) ; Mississippian area, North America. 


a b 



c 

Fig. 315 . 


Pcinsoennus curtus Mull Devon- 
ian; Schonecken, Eifel. a, Calyx 
from the anal side, showing ventral 
sac and one arm which is recuper- 
ated and abnormally small (right 
and left sides reversed) ; b, Stem ; 
c, Face of atem-joint (after Schultze). 

primibrach. BA small. 
Stem of moderate size, 
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Subfamily B. G.v-tuuccomixai: 

Cyothocrinidae with no radkina 7 . At us thi £•>>$*• ■ »b/ , cA -:*v, 

«/v/i An?zs strong, round; far A horse-sh »,*- sk<'ptd, dirtied >j; <? 

pierced by a distinct axial canal. Infralasols vsuo v u iiti<r' L dd ,d 9 t ./y. J t f\ 
or five. Orals largely covered by modified ambulacra 1 s ; posterior one a mad/tiorife. 
Stem round , iczVA central axial canal surrounded 7 y three t r more peripheral canals. 

A strongly specialised subfamily of short life, being limited, except for 
Sypocnnus , to the Middle Devonian." 

Gasterocoma Goldfuss (Epartocrinirs and Cerainw'rinvs Joh. Muller) (Fig. 
316). Infrabasal disk small, undivided. Anal opening lateral through the 
dorsal cup, just above the posterior 
basal, at the angle formed by that 
plate and the two posterior radials, 
usually fringed with a ring of small 
plates j one or more plates may lie 
above it, connecting with the tegmen, 
or these may be absent, leaving the 
radials closely abutting. Axial open- fi* . sic. 

ing in infrabasal disk complex, consist- . a a Goidf. Devciran Prjm, 

ing of a central and three, four or fire 
peripheral canals, continued down into 

the column. Stem round, with strongly alternating joints, the thin proximal 
columnal more or less quadrangular. Arms not certainly known, but 
divergent, directed outward, probably round and simple, with short brachials. 
Middle Devonian ; Eifel. The remaining genera mostly agree with this in 
the essential structures of the calyx. 

Schultzicrinus Springer. Arms directed npward, simple, broad, abutting, 
with long brachials following one very short primibraeh. Devonian 
(Onondaga) ; New York. 

Arachnocrinus Meek and TTorthen. Arms branching' more than once. 
Devonian (Onondaga) ; New York and Kentucky. 

Nanocrinus Joh. Muller. Only four arm-bearing radials. Arms unknown. 
Scoliocrinus Jaekel. Three arm-beaiing radials. Middle Devonian ; Eifel. 

Achradocrinus Schultze. Infrabasals five, not fused. Axial canal simple, 
without peripherals. Middle Devonian ; Eifel. 

Hypocrinus Beyrich may belong here. Resembling Achradocrinus , but 
with three infrabasals. Classed by authors as a Cystid. Permian : Timor. 

Myrtillocrinus Sandb. Has the general facies of this family ; undivided 
infrabasal disk, a central axial with three or four peripheral canals ; round, 
simple arms. But there are five large symmetrical orals in a pyramid con- 
stituting almost the entire tegmen, leaving only small interoral grooves for 
the ambulacra, — not preserved in any specimens. Anal opening not known, 
probably minute, and obliterated by infiltration of calcareous matter in 
fossilising. Middle Devonian ; Eifel and New York. 

Subfamily C. Cyathocrixixae. 

Cyathocrinulae with no radianaL Anus at the ventral side , usually at the end 
of a strong tube . Anal x , when present , in line with radials . Arms usually 
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dichotomous , and freely branching. Posterior oral usually a madreporite , other 
orals often largely hidden by encroaching teymenal plates . Infrahasals five , excep- 
tionally three. Stem usually round. Silurian to Lower Carboniferous. 

Gissocrinus Ang. (Fig. 317). IB three. Anal tube compressed, its plates 
short, wide and folded. Distal margin of brachials usually project. Silurian ; 
Gotland, England and North America. 

Cyathocrinus Miller (Figs. 318, 319). Infrahasals five. Anal tube short 



Fin. Sir. 





it, Gissocrinus arthriticns Phill. Siluuan , Got- 
land. Crown of the natural size (after Anselm); 
b , (t piinctuosus Ang. Tegmen ; c, Ventral and 
lateral aspect of the aims (enlarged). 





Fki. SIS. 

Cyathucnnus Analysis of dorsal 
cup (after Bathei). 






Fio. 319. 

a, Cyathocrinus lonffmanus Ang. Silurian , 
Gotland Crown of the natural size (after 
Angel m) ; b, C. ramosus Ang. Portion of an 
arm viewed from the side , c, Ventral aspect of 
same (enlarged) ; d, C. malmrens Hall. Lower 
Carboniferous ; Builmgton, Iowa. Tegmen 
perfectly pieserved ; e, The same after removal 
of the covering pieces and orals (after Meek 
and Worthen). 


and rounded, or long with a valvular pyramid at distal end ; its plates more 
or less hexagonal, not transversely elongate, nor much folded. Arms branch- 
ing as many as five to seven times. Radial facets horse-shoe shaped, directed 
outward, with occasional incipient transverse ridge. Ambulacral covering 
plates well developed, regularly alternating, or modified so as to resemble 
budding pinnules. Stem round, strong, short, apparently without cirri. A 
well-known and widely distributed genus, occurring from the Silurian to 
Lower Carboniferous (Warsaw) ; Europe and America. 

Mastigocrmus Bather. Like Cyathocrinus in the structure of the calyx, 
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but with longer arms and anal tube, which is more like that of the Poterio- 
crinidae, probably with lateral opening. Stem quinquepartire. Silurian : 
England. 

Streptocrinus W. and Sp. (Ophiuc firms Aug. mm Salter). Calvx like that of 
Cyatkocrinus. Anal tube coiled, opening probably at the side. Arms branching 
coiled inward, with peculiar processes called false pinnules.' Not well 
understood. Silurian ; Gotland. 

Lecythocrinus Joh. Muller ( Taxocrinus briamis Schultze) (Fig. 320). Arms 
branching repeatedly. Anal tube long, with strong 
plates in longitudinal columns. Stem subquadrangular, 
with central and four peripheral canals. Infrabasals 
small, unknown, may be undivided. Middle Devonian : 

Eifel. 

Lophocnnus Meyer ( Canluocrinus Koenen). Only 
one arm to the ray, with small ramuli alternating from 
every second brachial. Anal tube of delicate plates. 

Upper Carboniferous ; Germany. 

Codiaainus Schultze. No anal plate in dorsal cup. 

Infrabasals three. Radial facets directed obliquely 
outward, and with a separate dorsal canal. Arms 
dichotomous, short and slightly developed. Calyx 
obconical, expanding upward. Middle Devonian : Eifel. 

Lecythioc films "White. Known only from the dorsal 
cup, which has the same elements as the preceding. 

Arm facets directed upward, without dorsal canal. 

Calyx bursiform, contracting at the arm bases. Upper Carboniferous 
America. 

Family 10. Botryocrinidae Eather. 



Fi* . 

Devonian ; E.iel. 
(after Schultz** t 


32 T ' -M ill. 
Rf^tore-I 


North 


Dicyclic. Teg men composed of irregular plates without definite orals or ambnla- 
crals , extended posteriorly into a ventral sac. JRadianal oblique , not touching basals, 
variable in size. Anal x in line vcith radials. Anns usually heteroiomous , but 
varying from ramuliferous to complete pinnulation. Articulation of first brachial on 
radial imperfect , facets usually shallow, curved , not as wide as the radial. Silurian 
and Devonian. 


Botryocrinus Angelin ( Sicyocrinus Ang.). BA small, quadrangular. Tehtral 
sac large, sometimes coiled, with anus below the coil. Arms heterotomous, 
with two main rami bearing ramules which in some species reach the state of 
pinnulation. Silurian and Devonian ; Gotland, England and North America. 

Bhadinocrinus Jaekel. Calyx small, with very long ventral sac. Arms 
relatively long and heavy, with ten main rami, bearing very small, branching 
ramules at long intervals. Lower Devonian ; Germany. 

Gastrocrinus Jaekel. Similar small calyx, with shorter sac, having longi 
tudinal columns of projecting plates. Arms long, with irregular dichotomy. 
Stem with whorls of cirri. Lower Devonian ; Germany. 

Cosmocrims Jaekel ( Cyathocrinus ornaiissimus Hall). BA large. Ventra 
sac very large, reaching as high as the arms. Arms heterotomous, with tei 
main trunks having several branches nearly as large, toward the inside of tin 
dichotom, which in turn bear regular pinnules. Radial facets rather wide 
Devonian (Portage) ; New York. 


222 


EOHINODERMATA— PELMATOZOA 


PHYLUM IV 


Maragnicrinus Whitfield. From the same locality and horizon as the 
last; differing from it in having narrower arm facets, the arms regularly 
dichotomous, branching once, and the rami bearing pinnules directly. 


Family 11 . Poteriocrinidae Roemer (emend. Wachsni. and Springer). 


Dicyclic. Tegmen composed of undifferentiated plates , without identifiable orals 
or ambulacrals ; more or less extended into a ventral sac , with anus below the distal 
end on the anterior side. Union of radials with first brachials usually by complete 
muscular articulation, upon straight facets as wide as the radial, with fossae, paired 
muscles and ligaments, and transverse ridge ( exception in Poteriocrinus, a transition 

form). Arms pinnulate, mostly dichotomous. Infra • 
basals five , exceptionally three , or coalesced into one. 
Stem usually icith cirri. Devonian to Permian. 

Subfamily A. Poteriocrininae. 

Piadianal in oblique position. Anal x usually in 
line with radials. Arms usually uniserial , tending to 
biserial in later genera ; dichotomous or heterotomon. 
Infrabasals usually five. Crown usually elongate , 
expanding upward . Stem usually round, occasionally 

pentagonal. Devonian to 
Upper Carboniferous. 

Poteriocrinus Miller. 
Radial facet usually 
curved, less than width 
of j U, with imperfect or 
no transverse ridge. 
Arms dichotomous, 
branching frequently. 
Ventral sac large and 
long, usually rising be- 
yond the arms. Stem 
usually round, without 
cirri, at least in upper 
part. (?) Devonian and 
Lower Carboniferous 
(Keokuk) ; Europe and 
North America. 

The Devonian species 



Fig. 321. 

Pachylocnnus unicus Hall. Lower 
Carboniferous (Keokuk Group) ; Craw - 
fordsville, Indiana. Natural size 


oow^Ky 

ib. 

Fig. 322. 



Fig. 323. 


Pachylocrnms acqualis Hall, referred to this genus are 
Lower Carboniferous (Keokuk probably Parisocnnus ; 
Group) ; Crawfordsville, Ind. without the arms being 
Complete crown from posterior preserve d this cannot be 
side, showing base of ventral sac * ® : , , * . , m r 

and mode of arm-branching. certainly determined. JLiie 
genus lacks the complete 
muscular articulation characteristic of the family, but is otherwise typical. 


Pachylocnnus sp. Analysis of dorsal 
cup. a, Anal x; a>. Right tube-plate ; 
b, Basals ; ib, Infrabasals ; r, Right and 
left posterior radials ; ra, Radianal. 


Pachylocnnus Wachsmuth and Springer (Scaphiocrinus auctt., non Hall = 
Graphiocrinus ; Hydriocrinus Trautschold; Abrotocrinus M. and Gr.) (Figs. 269, 
321-3). Radial facets of this and all succeeding genera normal for the family 
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Calyx obconic to low cup-shaped. Arras branching two to tour times, usually 
more or less dichotomous, but in some species the inner arms of the diehorom 
branch less frequently than the others, or remain simple, tending to the stage 
of heterotomy seen in genera like Zeacrirms. Braehials cuneiform. Ventral 
sac strong, usually enlarging distally. Stem 
round or pentagonal, with cirri moderately devel- 
oped. Carboniferous (Kinderhook to Upper Car- 
boniferous) ; North America, Europe. 

This is a widely distributed form known in collection? 
generally as Scaphiocnaus , a name which lapses because 
the type species belongs to the previously established 
Graphiocnnus. It is one of the longest lived Paleozoic 
genera, represented by a large number of species, and is 
highly typical for this family. 

JFoodocrinus Koninck Philocrinus Koninck) 

(Fig. 324). Similar to preceding, but braehials 
short, quadrangular, arms usually heavier and 
branching two to four times. Ventral sac stout 
and apparently short. Stem short, tapering 
distally, with scattered cirri. Lower Carbonifer- 
ous ; England. 

Zeacriuus Hall. Crown more or less ovoid, 
often short, rounded above and below. Arms 
heterotomous, usually closely abutting and infold- 
ing; the two outer branches of each ray the 
stoutest, giving off at intervals successive pin- 
nulate arms of nearly equal size and reaching to 
the same height, always to the inside of the 
dichotom, usually unbranched, but they may 
divide. Braehials short, quadrangular. Ventral 
sac short, usually diminishing upward. Stem 
round, bearing long cirri distally. Carboniferous 
(Kinderhook) to Coal Measures ; Mississippian 
area, North America. 

Coeliocrinus White. Crown elongate, expand- 
ing upward, with conical base. Arms as in 
Zeacrinus , but not so closely abutting, and with 
braehials cuneiform to interlocking. Ventral sac 
inflated, balloon-shaped. Lower Carboniferous 
(Burlington) ; Mississippian area, North America; 
also Russia. 

Hyclreionocrinus Koninck. Crown short, flat 
above, with concave base. Arms branching some- 
what as in Zeacrinus , but very short, not rising 
above the expanded rim of the sac ; braehials 
interlocking to fully biseriaL Ventral sac mushroom-shaped. Upper part of 
Lower Carboniferous (Kaskaskia) to Coal Measures; Belgium, Britain and 
North America. 

Decadocrinus W. and Sp. Calyx depressed and base flat or concave. Anns 
strictly isotomous, branching but once, giving two strong, pinnulate rami to 
the ray, more or less angular or zig-zag. Braehials wedge-shaped, the longer 



324 . 

\nit n luar'i'nd'V'- 
Hl’Z'tde KcmnckV Per- 
fect •specimen irom the 
Lowvi Carl toinferons of 
Yorkshire (after <le Kon- 
inck). 
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alternating sides bearing stout pinnules which are well separated, resembling 
ramules. Ventral sac large, often almost as long as the arms. Stem rela- 
tively small, sub-pentagonal, with rather plentiful cirri. Devonian and 
Lower Carboniferous (Keokuk) ; North America and Europe. 

Aulocrinus TV and Sp. Like the preceding, but ventral sac forked, with 
anal opening from a lateral spout. Stem sharply pentagonal, with cirri. 
Keokuk Limestone ; Indiana. 


Scytalocrinus TV. and Sp. Similar to Decadocrinus , but with calyx usually 
elongate, more or less conical base, arms cylindrical, and pinnules closely 
packed. Stem large, round, with cirri sparse and mostly distal. Devonian 
and Carboniferous (Coal Measures) ; North America and Europe. 

Agassizocrinus Shumard ex Troost MS. ( Astylocrinus Roemer) (Fig. 325). 
Calyx elongate, ovoid to pyriform. Arms ten, with pinnules closely packed, 


a 



Fig. 32j. 

Agassizocrinus lacvi* 
(Roemer). Kaskaskia 
Group ; Illinois, a, Com- 
plete crown, after Roe- 
mer in Bronn, somewhat 
restored; b, Ventral as- 
pect of the coalesced 
infrabasal disk ; e, Side- 
Mew of same, nat. size 
(after M. and W.) 


as in Scytalocrinus ; brachials quadrangular, becoming 
cuneiform distally. Ventral sac unknown. Infrabasals 
five, in mature specimens fusing to a rounded undivided 
base. Stem entirely wanting, but probably present in 
early stages. Carboniferous (Kaskaskia to Coal Measures) 



Fig. 320. 

Croniyocri n us glob ul us 
M. and W. Lower Car- 
boniferous ; Chester, 111 
Natural size (after Meek 


Mississippian area ; North America. 

Cromyocrinus Trautsch. (Figs. 326, 
327). Calyx rounded below, hut not 
concave. IB large, visible exteriorly. 
Arms five, or ten, stout, not branching 
beyond the first axillary. Brachials 
quadrangular to cuneiform, tending to 
become biserial. Ventral sac incon- 
spicuous. Stem round. Lower Car- 
boniferous ; Russia and Mississippi 
Valley area. 

Ulocrinus Miller and Gurley. Similar 


and worthen). to Cromyocrinus , but with anal x entirely 





Analysis of plates in the dorsal cup of 
Cromyocrimis. ib, Infrabasals ; b, Basals ; 
r, Radials ; ra, Radianal ; a, a\ a", Anal 
and lower tube plates (after Bather). 


above the radials ; that is, 
with radianal but no anal 
in the dorsal cup. Arms 
unknown. Upper Carbon- 
iferous ; North America, 
Eupachycrinus Meet 
and Worthen. Similar tc 
Cromyocrinus , but calys 
low, rounded, with concavf 


base; infrabasals at hot 


tom of a funnel. Arms ten to twenty. Brachials quadrangular to biserial 
Stem round, with cirri. Kaskaskia to Upper Carboniferous ; North Americi 
and Europe. 

Tribrachiocrinus M c Coy (. Pentadia Dana). Calyx globose. Infrabasals thre* 
large. Radials irregular in size and form, apparently only three arm-hearing 
Arms unknown. Permo-Carboniferous ; Australia. 
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Subfamily B. Grapeiocrtnix \e B^ 




Fig. i 




Ii> 


Xoiadianal. Anal x more or less hi tc^ n radio (s. Arwsd’r 7 ifN e : 

A? liscrial. Inf raid sals usually five, frupicAhj minute, lilt*,.. * 7.// <v £Vj„ 

usually round , cirriferous. Lower Carboniferous to Tapper Carboniferous. 

Graphiocrinus Kon. (Scaph iocrin us Hall ; Phiaj^rimis Trautschold: A^d-cr't^as 
Miller and Gurley) (Fig. 328). Calyx low, turbinate or obeonie to bowl- 
shaped. Infrabasals minute to fair size. Arms 
uniserial, usually long, slender, branching once. i: 
sometimes unbranched in one or more rays, making v V 

the number variable from five to ten. Braehials 
quadrangular. Ventral sac very large and con- 
spicuous. Stem round, with long cirri throughout. 

A genus of great stratigraphic range and wide 
distribution. Lower (Kinderhook) to Upper Car- 
boniferous ; North America, Belgium and Russia. 

Bursacrinus Meek and Worthen. Calyx obconic. 

Arms rather broad, closely abutting, branching twice or more, to some extent 
as in Zeacrinus; uniserial, with quadrangular braehials. Ventral sac incon- 
spicuous. Very rare. Lower Carboniferous (Burlington) ; Mississippian area, 
North America. 

Delocrinus Miller 'and Gurley (Ceriocrinus White, non Koenig). Similar to 
Graphiocrinus , but with concave base, ventral sac inconspicuous, and heavy 
biserial arms. Axillary primibrach frequently protuberant or spiniferous. 
Infrabasals at bottom of a deep funnel, hidden by column. Stem rather small, 
round, cirriferous. Upper Carboniferous ; North America. 

Cibolocr.inus Weller. Dorsal cup low, bowl-shaped. Infrabasals three. 
Other parts unknown. Permian ; W estern Texas. 


Anr/vs sof'-, 

i'shasite: 7 , Bora’s; Rail, t 
n. Aral ; l \ Eracluils (alter 
Bather). 


Subfamily C. Excrixinae Austin (emend j. 

Dorsal cup with perfect pentamerous symmetry, having no radianal or anal 
plate. Arms dichotomous , biserial ; usually heavy, and two to the ray . Ventral 
sac inconspicuous or wanting. Infrabasals fire, coalesced into one, or atrophied . 
Calyx usually low , bowl-shaped, with rounded or more or less concave base . Stem 
usually round . Lower Carboniferous to Trias. 

Stemnudocrinus Trautschold. Base broadly rounded. Infrabasals coalesced 
into a large flat pentagon. No anal x nor tube-plate visible in cnp. Arms 
ten, thick, closely abutting, and strongly resembling those of Encrinus 
liliiformis. Lower Carboniferous ; Russia and North America. 

Erisocrinus White. Base rounded, with but little concavity. Infrabasals 
five, fairly large, not in a funnel, usually visible outside of the stem. Anal 
x or a tube-plate rests on the upper surface of posterior radials. A close 
derivative from Delocrinus, which it resembles in the arms and general form, 
differing in the base and absence of anal plate in the cup. Upper Carbonifer- 
ous ; North America. 

Encrinus C. F. Schulze ( Chelocrinus , Calathocrinus v. Meyer ; Flalellocrinus 
Klipstein; (?) Gassianocrims Laube ; (?) Traumaiocrinus Wohrmann; Porocrinus 

vol. r Q 
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nor tube-plate visible. 


Dittmar non Billings) (Figs. 329-331). No anal 
Calyx low, with base more or less concave. 

Infrabasals five, minute, concealed in the basal 
concavity, sometimes reduced to three, or atro- 
phied. Arms usually ten, exceptionally twenty; 
uniserial at their lower ends, but soon becoming 
biserial ; separate axial canal in radials, extend- 
ing into the arms. Tegmen not definitely 
known. Stem round, apparently without cirri. 

Abundant in the Trias, especially in the 
Muschelkalk of Germany. The stem fragments 
of E. Uiiiformis frequently form beds of marine 
limestone (Trochitenkalk). 

This genus was formerly associated by the majority 
of European authors with the Recent Crinoids under the 
Articulata. It was shown by AVachsmuth and Springer 
that its relations are clearly with the later Paleozoic 
Inadunata, and its position as such is recognised by 
most recent writers. The type species, E. hi nf or mis , by reason of its striking appearance 






Fig. 320. 

Diagiam showing course of axial canals 
m the calyx and arms of Encrmus Canals 
repiusented by dotted lines when pene- 
tiatmg the intei lor of the plates, and by 
heavy lines when exposed on the inner 
side of the calyx (after Beyricli). 



Fig. 330. 

Eiicniutk lihiformib 
Miller. Muschelkalk ; 
Brunswick. 


hr 1 2 hr a 



Fm. 381. 


Portions of the calyx and arms of Enornius. a, Interior 
of calyx; a 1 , Exterior of same; b , Basal, upper suiface; 
r, Radial, inner surface ; j3, One of the uniserial, and jS*, bi- 
senal arm-plates ; both of them traversed by duplicate 
dorsal canals; p, Pinnule ossicle (enlarged); br , First 
brachial, under surface ; br* 2, First and second brachials 
joined together ; inside, =een from below ; bri, First brachial, 
upper surface, showing lme of syzygial suture ; br2 Second 
brachial (axillary), showing articular facets. 


and beautiful preservation, early attracted the attention of observers. The generic name 
was first applied in 1760 ; and the form is the best known of all fossil Crinoids. 


Order 4. ARTICULATA. J. S. Miller (emend. J. Muller). 

Tegmen coriaceous , studded with minute calcareous particles , which may he quite 
invisible externally , or may he enlarged into well-defined plates that rarely form a 
complete investment. Mouth and food grooves exposed , hut often bordered with one 
or two roivs of side and covering plates capable of being closed down over them. 
Orals present in the young , often also in the adult. Plates of the dorsal cup , except 






III 
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Hi ptbnfir Joints, UlLtSSflV, Cj'Cfo* i> Kit x ..‘_ V./ . p/v?. . 

It ad ia Is and arm-plates ptriuro (<■ d by ^p^ra J t 
actually or potentially d icy die , f/ie L?, cnU ./An* 

tf/foi atrophied , radically altered hj t es> rpK^n oil sulse, /*>/ , 
altogether. 

Proximal columnal always modified, usually enlarged, attached to the 
calyx by close suture, to the columnal below it also by close suture (the 
so-called stem-syzygy) ; but this pair of columnals in some forms, instead 
of maintaining the original connection with the calyx, is separated from it 
by varying intervals in the stem, or at least in its proximal portion. Union 
between the plates of the dorsal cup is by close suture, between the radials 
and the primibrachs by muscular articulation, and between the elements of 
the primibrach series by non-muscular articulation. Ptadials always in Lateral 
contact. Radianal and anal plates may be represented as such in the larval 
stages, but never in tbe adult ; and the anal occasionally develops into a sup- 
plementary radial, bearing a typical post-radial series indistinguishable from 
those on the other radials. Arms uniserial and pinnulate. though the basal 
pinnulation is often defective. Xo concavity in the apex of the dorsal cup 
for the reception of the stem. Stem reduced to a single columnal in the 
Comatulid division of this order. Lias to Recent. 

In the earlier German and English editions of this work, following the example 
of previous European authors generally, the Mesozoic and Recent Crinoids excepting 
Marsupites , Uintacriavs , and perhaps Eacriivut , were treated as a distinct group from 
the Paleozoic under tlie name Articvlahi , proposed by J. S. Millei for the ApiceriniJut, 
Encrinidae and Pentaerinidae, , and extended by Johanne> Muller to include the 
Comatulids. The chief characters relied upon to distinguish the order, viz. ■ V an 
open mouth and food grooves, (2 a separate axial 01 doisal canal perforating the 
arms, were admittedly indecisive, considering that the fii*ct 1 elongs equally to the 
entire Paleozoic group Elexibilia, and the second is shared by a Devonian family and 
several genera of the Inadunata. 

This evident inadequacy of the definition has led to various proposed suLtitiitet 
for the plan, such as placing the Pentaerinidae under the Pistillate Inadunata, and 
the Comatulids together with the Apioerinidae, etc., as a subdivision f ' c Pinnata 
under the Flexibilia. Xone of these has proved satisfactory ; least of all the last, 
for the lack of any sufficiently definable connection between the so-called Pinnata and 
the Paleozoic Elexibilia. The very pliant calyx of the latter rectus in the pelagic 
Comatulids, Marsupites and Uintacrinus , and the close lateral union or partial 
incorporation of lower braehials is found to some extent among the Apioerinidae, 
Pentaerinidae, and some Comatulids. But it has become increasingly evident that 
the Flexibilia were a specialised group, derived from the Inadunata, and ending like 
the Camerata with the Paleozoic. 

The only one of the primary divisions of the Crinoids that seems to have survived 
is the Inadunata, the most generalised type, from which all the post-Paleozoic forms 
are evidently descended. While, therefore, there is no valid ground for any such 
divisions as Paleocrinoidea and Xeocrinoidea, as proposed by Waehsmuth and Springer 
and by Carpenter, but afterward abandoned, yet it cannot be denied that, with the 
sole exception of the Triassic Encrinus , the known Crinoids of Mesozoic to Recent 
times have an assemblage of features by which they are broadly distinguished from 
their Paleozoic ancestors. And it is believed that this may be expressed under the 
group Articulata as enlarged by Johannes Muller, distinguished not by any single 
character peculiar to itself, but by the fact that a large number of characters belonging 
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to different groups of Paleozoic Crinoids, and by which they were differentiated, Lave 
become fixed and generally constant in this, It is by the combination of a number 
of well-marked characters, therefore, that the definition of this group, as herein given, 
becomes logically effective. 

The results obtained during recent years from the study of the Crinoids collected 
by a large number of deep-sea expeditions, have thrown an entirely new light upon 
the relative importance of the Recent and fossil forms, and have shown that there exists 
today a wealth of generic and specific types hitherto quite unexpected. In order to 
call attention to the relative impoitance of the fossil arid recent types, and to bring to 
the notice of paleontologists the work which has been accomplished on the latter, it 
has seemed advisable to include mention herein of a considerable number of Recent 
genera. As the paleontologist is most directly concerned with the stalked genera 
among living forms, short definitions of these are given ; the unstalked living genera, 
which are much more numerous, are mentioned by name only. 

The Pentacrinids and the Comatulids form two groups which are in every way 
strictly parallel, and are of substantially the same phylogenetic value, though depart- 
ing in exactly opposite directions from the parent stock. The Pentacrinids are 
characterised by excessive stem growth ; the larval stem is lost at a very early age, 
hut new columnala are continuously formed, with great rapidity, so that a stem of 
enormous length results. The distal portion of this stem is continually dying away, 
so that the actual length of the stem in any individual is but a fraction of the entire 
length which has been formed during growth. In living Comatulids the larval stem is 
similarly lost ; but after this takes place no additional columnals are formed ; stem 
growth continues within the Bingle columnal which remains attached to the calyx ; 
this becomes greatly enlarged, and puts forth numerous cirri. Comatulids may 
therefore be described as Pentacrinids in which the entire stem is reduced or limited to 
the compass of a single columnal, and in which the cirri (when present), unable to 
arrange themselves in whorls on regularly spaced nodals, are closely packed together 
on a single nodaL 

The genus Thiollisricrinus is exactly intermediate between the Pentacrinids and 
the Comatulids ; the stem is developed just to the point at which the two groups 
diverge, at that point ceasing further growth, as in the Comatulids, but being retained 
as in the Pentacrinids. The structure of the stem is the same as that of the larval 
stem of the Pentacrinids and of the Comatulids. 

The Pentacrinids and Comatulids are the dominant Crinoid forms in the modem 
fauna. The latter especially are extremely numerous, and exist in a vast array of 
diverse types, none of which, however, depart in any great degree from the general 
structure of the group ; so that their classification necessitates the creation of numerous 
subfamilies, families and higher groups which are not systematically comparable to 
similar groups in the stalked forma 

In order that the treatment herein adopted may be more easily understood, the 
following comparative table is given, which shows in heavy-faced type the names 
employed by P. H. Carpenter in the Challenger reports and largely used by paleon- 
tologists, together with their modem equivalents. 

1. Pentacrinus : Isoerinus, Genocrfaus, Endoxocrinus, Hypalocrinus, Ca^y&ntcrocriniLa. 

2. Extracrinua : Pentacrinm 

8. Autedon : All the genera which were known to Carpenter now included in the families 
Zygometridae (excepting JSudiocrinus), Himerometridae, Stephanometridae, Pontiometridae, 
Hariametridae, Colobemetridae, Tropiometridae, Calometriaae, Thalassometridae, Charito- 
xnetridae and Antedouidae (excepting iVowocfcocrwww). 

4. Actinometra : All genera included in the Oomasteridae. 

5. Eudlocrinus : The genus Eudiocrinus of the Zygometridae, together with Pentamctro- 
crfafus of the Fentametrocrinidae. 

6. Promaohoorinus : The genus PromacKoarinus of the Antedouidae, together with 
Decametrocrinus of the Pentametrocrinidae. 
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Family 1. Bourgneticrinida© Loiiol. 


Column without terminal stem plate, oat the distal portion of 4 l> hU'l ; >ars i\ry 
numerous radicular cirri . It is shader , composed of joints ithich way f? greatly 
elongated, with strongly concave sides, or about as long as Iroad with strongly convex 
sides, or of any intermediate form ; hut the u dictating surfaces always * Onsisf rf a 
strong fulcral ridge (which may he interrupt *1 in the cadre hg the central c"*tid) 
separating two large ligamental fossae; one or more of the celumnals immediately 
under the calyx may he discoidal, with plane surfaces. Dorsal cup sma'l tut i\rg 
variable in sizeaml in the relative prnpotiions of its compmud plates : fi.wp-.eel cfnr> 
hasals ( which may he solidly welded into a single plate), and (usually) fire radio? s. 
Infrabasals unknown, probably absent in the adult Anns slender, jive or ten; if 
the latter, two primibrachs are present . If there are four, six, or more radio 1 *, tnw 
undivided arm follows each radial. Cretaceous to Eecent. 

fjourgueticrinus d’Orb. (Fig. 332). Basals not fused. Eadials five : lower 
brachials laterally connected. Proximal columnal round, as wide as the calyx 



Fio. 832. 


Bourquctici inus eUtpt'f 
cut Mill. White Chalfc ; 
Wiltshire, a. Calyx with 
stem-joints, Vi ; ft, ventral 
aspect, enlarged ; c, Stem- 
Joints ; il. Articular sur- 
face of stem -Joint; e. 
Cirrus. 


T 



Fig. 333. 

Ehfovrazzis pyrijbnii* (Goldf.). Eocene; Verona. 
i», K Calyx from one skIh (nat. size an.i enlarjedl; 
**, Same from above, with thiee of the Hr in plaee; 
i\ Median longitudinal section of calyx, 1 \ Z i- Calyx 
with slightly abraded outer surface, showing suture 
lines between £ and E ; /, Calyx with hve mya. seen 
from alujve (enlarged); g-Jr, Stem-Joint'*, i,i. 


at its greatest breadth, those below it diminishing for one or two joints and 
becoming compressed, with elliptical joint faces, each columnal twisted so that 
one end stands at an angle to the other. Cirri present distally, or perhaps in 
middle of the stem. Cretaceous ; Europe and Alabama. 

Alesocrinus P. H. Carpenter. Proximale small and circular ; otherwise like 
Bourgueticrinus. Cretaceous ; Sweden and Germany. 

(?) Dolichocrinus de LorioL Eadials form an elongate tube. Upper Jur- 
assic; Europe. 

Bhizocrinus Sars ( Oonocrinus d’Orbigny, non Troost) (Fig. 333). Basals com- 
pletely fused, forming a very large and elongate base ; radials very small, four 
to seven (usually five or six) ; arms undivided ; column slender, composed of 
greatly elongated segments of which the distal bear radicular cirri. Cretaceous ; 
New Jersey. Eocene ; Europe. Eecent ; north Atlantic. 

Bythoorinus Doderlein. Similar to Ehizocrinus, but with the basals separated 
by distinct sutures ; radials (and arms) invariably five. Eecent ; in tropical 
Atlantic, and western Indian Oceans. 

Democrims Perrier. Similar to Ehizocrinus, but with the base subcylindrical, 
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the basals being separated by distinct sutures ; columnals very short, but 
little longer than broad, more or less barrel or bead shaped ; raclials (and 
arms) invariably five. Recent ; tropical Atlantic and East Indies. 

Bathycrinus Wyv. Thomson ( Ulycnnvs Danielssen and Koren ; Pterocrims 
Wyv. Thomson). Essentially similar to fihi-ocrinus, but with ten arms, each 
post-radial series dividing on the second ossicle ; basals usually much reduced, 
forming a narrow ring beneath the much larger radials. Recent, chiefly occur- 
ring at great depths, cosmopolitan. 

Monachocrinus A. H. Clark. Similar to the preceding, but with the basals 
separated by distinct sutures, and usually nearly or quite as large as the 
radials, sometimes larger. Lower Muschelkalk ; near Rovegliana. Recent; 
East Indies, Bay of Bengal, east Atlantic. 

Family 2. Phrynocrinidae A. H. Clark. 

Similar in general to the Bourgueticrinidae , but with the stem attached to ajieavy 
terminal stem-plate (i dorsocent/al ) as in the Apiocrinulae. Recent. 

Here are placed the two genera Naumachoci inus and Pfo ynocrinus Clark, 
occurring at depths of from 500 to 650 fathoms in the Pacific Ocean. The 
former of these has a calyx superficially resembling that of Democrinus , but 
composed of very small basals and much elongated radials. 


Family 3. Apiocrinidae d’Orbigny. 

Column without cirri ; enlarged distally and attached to a heavy terminal plate , 
or fixed root ; composed of short, discoidal columnals having their articular faces 
marked with radiating striae without fulcral ? idge ; those next below the calyx often 
increasing greatly in width, forming a proximal enlargement continuous with the sides 

of the calyx. In the moie highly 
specialised types the proximal colum- 
nals may become pentagonal or 
stellate, and may bear mdimentary 
cirri. Calyx variable , composed of 
heavy plates. Infrabasals greatly 
reduced, modified or fused with the 
proximal columnal ; visible rawly 
within the basal ring (crypfodicyclic). 
Lower brachials more or less incor- 
porated in the calyx by lateral union , 
or by a few interbrachial plates. 
Primibrachs two ; arms branching 
regulaily, usually more than once . 
Jura, Cretaceous and Recent. 

Apiocrims Miller (Figs. 334- 
336). Plates of calyx greatly 
thickened, especially at the distal 
border of the radials, where the typical muscular articulation is modified 
by an enormous enlargement of the dorsal ligamental fossa, consequent upon 
such thickening ; this expansion affects in addition to the calyx, a series of 
the upper columnals, and of the lower brachials. Calyx in typical forms 



Fict. 384. 


Apimilmut parllHwni Schlotheira. Great Oolite; Ran- 
\ llle, Calvados, a, Calyx and upper stem-joints, viewed from 
the side ; ft, Ventral aspect ; c, Articular surface of one of tlie 
stem-joints (natural size). 
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pyriform, attaining a large size, with proximal columnals gush with the 
curvature of its sides ; in some others globose. with little enlargement of 
the column. Lpper face of the proximale marked by angular :idges corre- 
sponding to the interbasal suture lines. Eadial 'facets wide" curved, 
occupying entire distal face of plate. Primibraehs two, united by incom- 
plete syzygy, closely joined laterally by suture, or occasionally connected 
by small interbrachials ; axillary and succeeding brachials united by muscular 


A 





Fig 33". Fig. 33 1\ 

Fi*t. J33. 

Apincrinus j?a rUnsoni Schloth. Great Oolite , Ranville. Calvados. *4, Analy-i* of calyx. showing cum fit* 
of canals. These are represented by dotted lines w hen concealed \\ ithin tlu* plate* and by heavy imes \\ here 
visible on the inner surface of the basals. B , Median longitudinal section through the uppermost atem-i* 'Hits, 
showing empty space mclnded between them; b. Basal, seen from above and from the himh** ; b*, Lower surface 
of same; rf, Radial, seen from without; Inner aspect of same; r-. and r-\ Corresponding news of Inst 
biachial; br, Arm-plates. (Canals ar** invisible m plates above the ba*»aK. except v h-re they have become 
exposed by weathering or abrasion.) 

Fn,. 330. 

Ajnocrouis rois/njanns d’Orb. Upper Jura (Coral -Rag) ; Tonnerre, Yonne. Restoration (after *1 Orbignj) 


articulation, and all perforated ’by an axial canal. Arms dichotomous, 
branching two or three times, pinnules strong. The column has a large open 
space in the expanded portion next to the calyx, the colnmnals sloping to a 
thin edge toward the centre. Jurassic ; England, France and Switzerland. 

Millericrinus d’Orb. (Ceriocrimis and Pomatocrimis Desor, ex Koenig). Closely 
allied to Apiocrinus , but the swelling of calyx plates affects only one or two 
columnals, and not any brachials, nor the distal border of the radials, which 
remains narrow, so that the muscular articulation is of the usual type. 
Calyx usually more or less globose or campanulate. Base occasionally with 
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five minute infrabasals coalesced with the top stem-joint, which is frequently 
widened and those below it not usually so. Column more or less pentagonal, 
with the angles directed interradially. Lias to Lower Cretaceous ; Europe. 

Guettardicrinus d’Orb. Differs from Apiocrinus only in having strong 
interbraehial plates between the lower brachials, and the consequent incor- 
poration in the cup of a greater number of secundibrachs. Upper Jurassic; 
Europe. This and the two preceding genera shade into one another without 
any sharp differentiation. 

Dadocrinus Meyer. Calyx conical, of small size. Column sharply 
pentagonal proximally, becoming round below, without cirri ; proximal 
columnal much smaller than the calyx. Primibrachs sometimes more or less 
connected by small interbrachials. Arms branching once. Trias ; Europe. 

Holocrinus Jaekel. Trias ; Germany. 

Achrochordocrinus Trautschold ( Cyclocrinus d 5 Orb., non Eichw. ; Mespilocrims 
Quenst., non Koninck). J ura and Lower Cretaceous ; Europe. Columnals 
only are known. 

Proisocrinus A. H. Clark. Rudimentary cirri on proximal portion of the 
column ; proximal columnals with crenulate edges ; division series very 
broad, in lateral contact. Recent ; Philippines, 940 fathoms. 

Carpenter ocrinus A. H. Clark. No trace of cirri ; proximal columnals with 
smooth edges ; division series narrow, exposing large perisomic areas. 
Recent ; southern Japan, 565 fathoms. 

Family 4. Pentacrinidae Gray (emend.). 

Column either very Jong, pentagonal or subpentagonal, without any terminal plate , 
and cirriferous ; or represented by a single plate, also usually cirriferous ; in very 
young stages similar to the stem of Rhizocrinus, but later discarded; the portion 
retained in the adult of sessile forms is composed of columnals which have the upper 
and lower faces ornamented with a more or less complex quinquelobate figure. Calyx 
small, bowl- or plinth-shaped, with a dicyclic base, at least in the young, but the 
infrabasals either rudimentary or completely resorbecl in the adult state; and the 
basals may be also resorbed and metamorphosed into a curious rosette-shaped plate 
hying entirely within the calyx. Infrabasals (where observed) three or five ; basals 
five; radials five (one, the left posterior, sometimes much smaller than the others). 
Primibrachs, or costals, one to eight (usually two). Tegmen flexible, studded with 
small irregular calcareous particles or delicate plates which may be quite invisible to 
the naked eye, or may form a solid covering. Arms pinnulate ; strong , from five 
simple, to two hundred and fifty or more ultimate branches. Trias to Recent. 

Section A. Pentacrinids Gray (emend.). 

Column persistent throughout life . 

Pentacrinus Blumenb. (Extracrinus Austin ; Polycerus Fischer pars ; ? Chlado- 
crinus Agassiz) (Fig. 337). IBB well developed. RR usually prolonged' 
over the proximal columnals. There are rarely more than two IBr, not bearing 
pinnules. Arms heterotomous, with two to four rami, branching only toward 
the inside of the dichotom, into large subordinate pinnulate ramules which 
rise to the height of the main rami, until the final divisions are all about the 
same size ; these divisions are very numerous, in mature specimens as many 
as forty or fifty to the ray. Column more or less pentangular ; the angles 
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of the axial canal, contrary to the general rule in uieyclic four.?, directed 
radially, corresponding with the outer angles of the stem. Stem of great 
but unknown maximum length, having been traced for twenty feet without 
reaching the end; cirri very numerous, compressed or elliptical in section. 
Lias and later Jura ; Europe. 

The Crinoidb of this genii'? were 
very gregarious, and nourished m 
immense colonies. Exquisitely pre- 
served specimens are found in the 
Lower Lias of Lyme Regis, Eng- 
land, and in the vicinity of Boil 
and iletzingen.Wurtemherg, which 
have served as types of illustra- 
tions in numerous works on Paleon- 
tology. A slab containing no less 
than "twenty-seven perfect crowns 
intertwined with stems and cirri, 
may be seen in the U.S. National 
Museum at AV ashington. 

Isocrinus Meyer (Isis Linn. 
pars ; Encrinus Lamarck pa rs ; 

Cainocrinus Forbes ; Pideio- 
crinus de Loriol; Xcocrinus 
\Yyv. Thomson; Pentacrinus 
sensu P. H. Carpenter). IBB 
so far as known, present in 
the adult, but visible only 
when stem is removed. BB 
forming a complete circlet, 
or minute and separated by 
lower angles of BFt . Radials 
notprojecting downward over 
proximal columnals. Arms 
about regularly dichotomous. 

Columnals of circular, penta- 
gonal or stellate section ; 
sectors of joint-face distinctly 
petaloid, with coarsely crenu- 
late edges. Trias and Juras- 
sic ; Europe and North 
America. Recent ; West 
Indies (5-531 fathoms). 

Balanocrinus Agassiz m 
Desor. Columnals of circular 
or hexagonal section, with crenellae around the edge only, not along the 
sides of the sector. Trias to Eocene ; Europe. Known from fragments only. 

Anstinocrinus de Loriol. Columnals have a joint surface as in Isocrinus, 
but with finer striae radiating from the petals. Cretaceous ; Europe. 

Cenocrinus Wyv. Thomson. Recent ; West Indies (5-531 fathoms). 

Endoxocrinus A. H. Clark ( Diplocrinus Doderlein). Infrabasals resorbed 
in the adult. Arms heterotomous, in two main rami with branches to the 
inside of the dichotom ; the divisions are at the outer side of the rays only, 
and consist each of two joints, united by syzvgy. Recent; West Indies. 



Pi ate,' 


Fig. 3 £ 7 . 

x (Ed *m. •- > 1 < u ')/•- '' ' V Blum. Lower Lias ; Lyme R^is, 
England (after Goldfus-j). e, Stem-joints of P. i*v}« r r*tvlari' Mill. 
Upper Lias ; h, Column of P. m > Mill. Middle Lias. 

edge 
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Metacrinus P. H. Carpenter. Arras dichotomous, multibrachuate ; IBr 
four to eight in number. The distal portion of the arms bears only 
rudimentary pinnules. Recent ; Pacific Ocean. 

Hypalocrinus A. H. Clark. Ten arms only, unbranched ; IBr two. The 
distal portion of the arms bears only rudimentary pinnules. Recent ; East 
Indies. 

Comastrocrinus A. H. Clark. Resembles the preceding, but with more 
than ten arms, and with the distal edges of the brachials strongly produced. 
Recent ; Indian Ocean. 


Section B. Thiolliericrinids A. H. Clark. 

Column persistent throughout life; but columnar development ceases after the 
formation of the first nodal. 

Thiolliericrinus Etallon. Column resembling that of the pentacrinoid 
larvae of the Comatulids, but greatly enlarged and thickened ; calyx as in the 
adult Comatulid. Jurassic and Cretaceous ; Switzerland, France, Portugal. 

The genus Thiolliericrinus has been considered both as representing a primitive Comatulid, 
and a transitional stage between the Apiocrinidae and the Pentacnnidae ; but neither view 
is correct. The column of Thiolliericrinus is comparable to that of a Comatulid or of a 
Pentacrmid at the time of the formation of the centrodorsal or of the first cirriferous nodal ; 
stem development has here abruptly ceased, so that the column has retained its primitive 
Bourgueticrinoid character, modified only by an increase in size ; but the calyx has continued 
to develop so as to be comparable to the calyx of the Comatulids, or to the calyx of the 
more advanced among the Pentacrinids. Thus Thiolliericrinus possesses the calyx structure 
of the adult Pentacnnid or Comatulid, combined with the column structure of the larvae of 
the same types. It therefore falls naturally between them. 


Section C. Comatulids Fleming (emend .). 1 

Column either wanting entirely , or discarded after the formation of the first 
nodal , which remains permanently attached to the calyx. 

While tlie Comatulids, as already explained, form a grouj) strictly comparable in 
phylogenetic value with the Pentacrinids and Thiolliericrinids, this group is 
wholly disproportionate to those in complexity and extent. Owing to their enormous 
and cosmopolitan development in Recent seas, the Comatulids require for their ( 
classification further subdivision in a way not applicable to any of the fossil families. 
The group must therefore be taken as a new unit, divisible into subgroups which are 
comparable in rank only inter se, and not with subdivisions of similar grade or 
terminology among the other Crinoids. 


Tribe 1. Innatantes A, H. Clark. 

Pelagic Comatulids in which the basals are not metamorphosed but form an 
integral part of the body wall ; the infrabasals are not united with the central plate , 
but frequently , through individual variation , they are absent There is no evidence of 
attachment in any known material , so that their central apical plate probably repre- 

1 Literature : Mullet J., Ueber die Gattung Comatula, etc. Abhandl. Berlin. Akad. 1847.— 
Liulwig , H., Beitrage zur Anatomie der Crinoidea. Zeitschr. wiss. Zool. vol. xxviii. 1877. — 
Carpenter, P. S. Report on the Crinoidea. Sci. Results Chall. Exped., xi. and xxvi., 1884-88 — 
Jaekrf, 0 Entwurf einer Morpliogenie und Phylogenie der Criuoideen. Sitzber. uaturf. Ges., 1894. 
— Clark, A. IT., See titles cited under general discussion. 
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scats the single eohunnul of Comaial \ c h r, fj, t t . f *, L u r , r 
The calyx is eery large, and it* flutes, v ,#/. /•;, J ', t . ,* 

in i r tllu. Cretaceous. 


I’* 


Subtiibe A. Marsupitids d’Orbisny. 

Column wanting , probably represented by ♦/ Vwe - 
cent rale, 1 within the infrabasal circlet. Ca 7 yx h'rgr. in* ft **\ < 

0 / large thin plates , without interradiah or a), ah . grtcr's* IP 7 : 
dinjdic plus the cent rale, one of the largest plates : n t : > e*" 
very large . Radial facets narrow, crescentic. u**h a p -y v 
Lower brachials much less than the width if 
the radials , connected for a short distance 
by interbrachials, but not strictly incorpor- 
ated in the dorsal cup . Primih racks two. 

narrow . S7?ia/Z, apparently short, 

with slender pinnules ; bifurcation on the 
second primibrach, further branching un- 
known. Legmen unknown. 

The only known genus is JL6z/- 
supites Miller (ex Mantell MS.), occur- 
ring in the Upper Cretaceous (White 
Chalk) of England, France and Northern 
Germany, and in the Tombigbee Sand- 
stone of Northern Mississippi. Its 
general structure is on the Inadunate 
plan, with remarkable development of 
the basal portion, the infrabasals and 
cent-rale constituting about half of the entire calyx (Fig. 33S). 


cade" fhi 
• \ r * i 9. c* tiij "£* d 
r* *• " ** ~s. Bo ^ 


I ) r W 


<sa - bd. 
r-t '"oc. 



lacr'ous ; Lan“'*» -rs, Pr 
RatLal an* la few nt t! 


Subtrilte! B. Uintacrinids Zittel. 

Column wanting. Calyx large, perfectly peutamerous, greatest bulk above line 
of radials, plates thin; interbrachial system greatly developed. Base dinjdic or 
monocyclic; infrabasals present or absent in both young and udnlt of the same 
species ; token present, Jive (but sometimes by resorption reduced irregularly to three , 
two, or one), very small, enclosing a small ctntrale , probably representing the stem ; 
when absent, the centrale remains of about the same size, surrounded by the ha sals. 
Interbrachials numerous , from the radials up, and often also in the second axil . 
Primibrachs two, as large as the radials; the second one axillary, followed ly sccundi- 
braclis almost as large, passing gradually into free arms. Arms ten, uni ranched, 
very long and strong; composed of very short, almost circular brachials, with fropitnt 
syzygies, joint faces provided with transverse ridge, and pierced by an axial canal. 
Pinnules stout and tapering , the lower ones incorporated into the calyx by lateral 
union. Legmen composed of a carbonaceous skin becoming black in the fossil state, 
traversed by uncalcified ambulacra; mouth marginal; anus subccnfnd, through a 
strong, tufted tube. 

1 This plate is supposed by Carpenter to represent the distal plate of the stem, and not the 
proximal. A. H. Clark believes it, and the similarly situated plate in ttntucfinvs . to be the 
homologues of the distal stem-plate, plus all the eolumuals of young Recent Comatulids. 
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Represented by a single genus, Uintacriiius G-rinnell (l^ig- 339), occurring 
in the Upper Cretaceous of Western America (especially* Kansas), England 

and Westphai^a. In the latter 
areas it is widefy distributed, 
accompanied by Marsupite $ 
and Bourgueticrinus. In the 
Kansas region it is found ex- 
clusively in colonies which 
had been herding together in 
deep water. The genus in its 
calyx structure is a survival 
of the Flexibilia plan; it is 
strongly in contrast with 
Marsupites in this, and in the 
upper Cretaceous ; Reck- length of the arms, which in 
mature specimens attained a 
length of four feet, giving 
when outstretched a spread of upwards of eight feet, the largest known 
Crinoid. 

Tribe 2. Oligophreata A. H. Clark. 



Fig. 339. 

Uintan inutt v ei-tfhnhcvs (Schlut ). 
lingshausen, Westphalia, a, Calyx viewed from the side ; b, 
Inferior aspect. Natural size (after Schluter). 


Bottom-inhabiting Comatulids , stalked when young ; basals metamorphosed into 
a rosette ; infrabasals unknown ; cavity in the centrodorsal containing the chambered 
organ , and overlying structures very small , these being pushed up more or less within 
the radial circlet ; disk more or less studded , or even completely covered , with large 
calcareous concretions or plates; pinnules , at least the lower , wholly or in part 
prismatic , and composed of short segments ; usually more than ten in number. 

Generic names have been applied to fossil Comatulids belonging to this 
division, but the specimens upon which they are based are rarely well enough 
preserved to admit of correlation with generic names based upon Recent types. 
The latter include a surprisingly large number of living genera, which are 
grouped by A. H. Clark in nearly a dozen different families. Among these 
may be mentioned tbe Comast eridae, Zy gometridae, Thalassometridae and 
Charitometridae as examples. 


Tribe 3. Macrophreata A. H. Clark. 

Bojttom-inhabiting Comatulids , stalked when young ; basals usually metamorphosed 
into a rosette ; infrabasals , three , or moie usually five, in number , have been detected 
in the young of several species, where they fuse with the centrodm'sal ; cavity in the 
centrodorsal containing the chambered organ and associated structures large ; tegmen 
naked, or studded with minute plates which may become grouped in the interradial 
angles, particularly between the IBr ; pinnules all cylindrical or more or less 
flattened, slender, with very long joints ; arms five or ten in number, except in the 
genera in which there are ten radials, in which they may be twenty . 

Within this category are embraced three divisions — Atelecrinidae (Bather), 

. Pentametracrinidae (Clark) and Antedonidae (Norman) — the last-named of 
which is again divided into a number of groups having the rank of sub- 
families. One of them, Antedoninae, includes the Recent genera Antedon 
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Freminville (Girnymahf, Gray; w Fleming; jV . , ■> Tiki. t iYU. 

*283); Cumptumdro, Tvxmndru and • A. H. Clark. etc. 


Fossil Comatulid Genera. 


The following genera are based wholly or in part upon fossil Comatnlick : 
Allionia Michelotti ; Ask dailies Schlotheim: AArceomc Bkiaville ; Vato- 
lina d’Orbigny ; Cumufiilifhes 
von Schlotheim ; ComutvreUa 


Munster; DeracncmosBronn ; 

Dccameros d'Orbigny, Geo- 
coma 0. Fraas; Gle noire mites 
Goldfuss; He rilt a Hagenow; 

J licrocri nus Emmons ; Ophi- 
urites von Schlotheim ; Ptero- 
coma L. Agassiz ; Solanocrmus 
Goldfuss (Fig. 340). 

The specimens upon 
which the type species of 
these genera are founded are 
rarely well enough pre- 
served to admit of reference 
to any one of the Eecent 
genera, or even families, and 
in some cases it is doubtful 
whether they are Coma- 
tulids at all. P. H. Car- 
penter attempted to differ- 
entiate the fossil types into 
Antedons and Adinometras ; 
but recent discoveries have 
shown that the endocyclic 
and exocyclic forms are 
by no means easy to dis- 
tinguish, even with perfect 

Specimens, and with even not preserved (slightly reduced); Gold!.* Upper 

the best preserved fossils Jura » Streitberg, Franconia; Z>, Ventral; t. dorsal; and tL lateral 
u ^ r* . aspect of calyx ; e, Ami-plate. 

the separation of the species 

on this basis is very unsatisfactory. A common method of procedure in 
dealing with fossil Comatulids has been to refer them all (except those with 
five arms, all of which belong to the genus Eudiocrinus of the Zygometridae) 
to a single genus, for which the name Solanocrinus is used. 







Fi. 

or,\nvs Goluf. Upper Jura (Pieerca-Kalk) : Kel- 

heini. Bavaria. Dorsal aspect r»f cruvm; centrodvrsal ami pinnules 
not preserved (slightly reduced); h->l, S. ‘ ’ * * 1 ~ ” 


Ir 


Family 5. Plicatoorinida© Zittel. 

Basal circlet funnel-shaped, quadrangular, pentagonal or hexagonal, composed of 
three (usually), or five hasals which may be solidly anchylosed. Pay dials four, Jire, 
six or eight ( rarely seven), long and thin , hearing the post-radial series of brachials 
on a narrow facet, which occupies only a small portion of their distal edge . Arms 
long, undivided or "branching one or more times ; the first branching usually on the 
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first brachial , never on the second. If the arms are undivided the 'pinnules are 
usually excessively long and reach to the arm tips ; but the length of the pinnules 
decreases in proportion to the number of arm divisions ; pinnulars sometimes tending 
to fuse into a solid piece. Column as in the Apiocrinulae , but never with a proximal 
enlargement. 


Plicatocrinus von Miinster (Fig. 341). Eadials comparatively thin, their 
articular facets crescent-shaped; the outer faces longitudinally folded into 
a median ridge. Arms ten, dividing on the first brachial ; composed of 
wedge-shaped ossicles united by perforate muscular articulation. Pinnules 
composed of a single piece, except the proximal ones, which consist of three 
pieces; they are angular or keel-shaped along the dorsal side, and deeply 

furrowed on the ventral. Teg- 
men unknown. Upper Jura; a 
rare form, found in the Fran- 
conian and Swabian Alb. 

Hyocrinus Wyv. Thomson 
(Fig. 342). Three basals ; five 
Upper arms, bearing extremely long 



Fig. 341. 
Phcatocnnu *> hejuufitnus Munst. 


C, l™les which reach to the 

lat eral aspects, of same (slightly enlarged) ; 

< 1-f, First braclnal, seen from the mside, out- 
side, and from below respectively. 


arm tips ; brachials united in 
syzygial groups of three. Teg- 
men composed of five large 
orals, surrounded by heavily 

plated perisome. Eecent ; 

Antarctic Seas. 

Gephyrocrinus Koehler and 
Bather. Similar to Hyocrinus , 
— but brachials united in syzy- 
gial groups of two; proximal 
portion of column pentagonal. 
Eecent ; Canaries and Madeira. 

Thalassocrinus A. H. Clark. 
Similar to Gephyrocrinus , but 

Recent; Atlantic proximal portion of column 

Ocean A, Individual twice the natural size. B , Tegmen several hexagonal. Eecent *, Philin- 

thnes enlarged ; am, Ambulacral fuirows of the arms ; c, Dorsal . ° > sr 

canals ; an, Anus ; m, Mouth , o, Orals (after Wyville Thomson) ; pines. 

Covering plates of ambulacral grooves. PHlocHnUS A. H. Clark. 

Five arms, unbranched; each brachial, except the most proximal, bears a 
pinnule; syzygies very infrequent; pinnules not especially long. Eecent; 
Antarctic Seas and west coast of America to British Columbia. 

Oalamocrinus A. Ag. Five brachials ; the arms branch several times. 
Eecent ; Galapagos Islands and Central America. 



Fi«. 34: 

Hyocrinus hethelUanus Wyv. Thomson. 


Family 6. Saococomidae d’Orbigny. 

Calyx small, hemispherical, non-pedmculate, composed almost exclusively of 
five radials, which are very thin , elevated into prominent ridges along the median 
line, and enclose an extremely small basal plate. Arms 5x2, slender, widely 
separated, and giving off alternately towards the extremities simple incurving 
branches. Arm-plates cylindrical ; each side of the ambulacral furrow lined with 
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witoj-Ul e or spinifona pnjuiwns. Tot a* fir-; ho<r . /»* ’* </ * *r 

structure with coarse meshes. Upper Jura. 

The only known genus, Sarcocoum Ag. (Fig. 343), occurs profusely in 
the Lithographic Stone of Eichstiidt and Soienhofen, Bavaria. I: 'is a 



Sari'orm/vi i>ectinnta Goldf. Upper Jun (Kiinmeii&gian) : Eiehstadr. Bavarm. >. lr»lm>i-a3 T natural size ; 
b, Side view of calyx ; e, Calyx seen from below, - \ ; 0, Two of the loner aim -plates ; t, Two arm-plates of a 
higher order Auth one of the branches ; f, The upper part of one of the anas straightened out; g, Lower 
bracluals of S. tcncUa Goldf. (Figs, d and g greatly, the others slightly enlarged.) 


free-swimming form, whose affinities with the monocyclic Plicatocrinidae were 
first clearly demonstrated by Jaekel in 1892. 

Family 7 . Eugeniacrini dae Zittel. 

(Coadunafa Miller; Holopocrinidae p.p. Jaekel.) 

Calyx composed of five (rarely three , or four) thick, rigidly united ru dials, resting 
upon a proximate composed of fused basal s and top stem-joint ; la sals invisible, 
tegmen unknown, Costals compressed , flange-like; united by syzygial sutures, or 
fused with one another. Arms robust, and incurving, usually branching on the 
second brachial. Stem short, destitute of cirri, and composed of but a few long 
cylindrical joints with granulated or striated articular faces ; terminating in a more 
or less lobed, encrusting root. Lias to Lower Cretaceous : Europe. 

Eugeniacrims Miller (Symphytocrinus Konig; Caryophyllites of pre-Linnaean 
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authors) (Figs. 344, 345). Dorsal cup small, saucer - shaped, and with 
shallow body-cavity. Proximale covered with five radiating ridges. B 
invisible when the proximale is attached, but from the course of the axial 
canals (Fig. 344) it is apparent that they are pushed upward so as to be 
completely enveloped by the JR. The latter are very heavy, closely united, 
and sometimes completely anchylosed. The lateral margins of their upper 
faces are extended upwards so as to form conspicuous projections ; the inter- 
mediate spaces are occupied by transverse ridges and deep fossae. Costals 
two, the upper one axillary. Structure of arms 


unknown. Abundant in the Upper Jura, notably 
in the Spongitenkalk of Southern Germany, 
Switzerland, France and the Carpathians. Less 
common in the Dogger and Lower Cretaceous of 
the Alps. 

Tetraerinm Miinst. It typically four, rarely 
three or five; apparently reposing directly upon 
the column, as no B or IB are visible. Upper 
face of the proximale marked by four (sometimes 
three or five) prominent ridges which are radially 

1 £3 

* s 






Fig, 344. 


Eugtniacrinus caryopJiyllatus Miller. Upper Jura ; 
Sfcreitberg, Franconia, a , Calyx with centrodorsal, 
seen from one side (nat. size) ; b, c, Ventral and dorsal 
aspects, 3/ 2 ; it, d*, First brachial, inner and upper 
surface ; c, Second brachial, seen from the inside (nat. 
size). /-/?, E. nutans Goldf. Same locality ; /,/*, First 
and second Br fused together, seen from the outside 
and mside, respectively ; g, Arm-plate, figured in four 
positions ; 7i, Dorsal and lateral aspects of an mrolled 
arm. 



Fig. 345. 

Eugeniacrinus caryojihyltatus 
Miller. Upper Jura, a, Restora- 
tion, without the arms (after 
Fraas) ; b. Calyx broken open to 
show the silicified axial canals 
(after Jaekel). 


disposed ; lower face bearing radiating peripheral striae, which are not con- 
tinued over the median portion of the plate. JR with transverse ridges and 
large muscular fossae. Stem-joints barrel-shaped. Upper Jura ; Europe. 

Gammarocrinus Quenst. (Sclerocrinus Jaekel). Dorsal cup massive, concave 
below. Upper Jurassic ; Europe. 

Oymnocrinus Loriol. First axillary remarkably developed. Upper Jura ; 
Europe. 

Phyllocrinus d’Orb. Dorsal cup globose ; JR with narrow articular facets, 
at either side of which are long, upright projections. Upper Jura and Lower 
Cretaceous, notably in the Mediterranean district. 

Torynocrinus Seeley ( Cyrtocrinus Jaekel; (?) Hemicrims d’Orb.). Dorsal 
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cup and proximale fused; ventral surface bent to one side. bk ~er J'ira rr.d 
Lower Cretaceous ; Europe. 

Trigouocrinus Bather. Oxfordian: Europe. T.r .•:./! -T .eked Small 
radial facets, rounded interradial spine>, and deep cun cavity : the former has 
less than five rays. Eocene ; Europe. 

Eudesicrinus Loriol. Stem reduced to two short, thick segments whi.h bear 
the five B directly. Arms stout, branching on the first brachial. Lias : Europe. 


Family 8. Holopidae Zittel. 

Base monocyclic ; stemless. Bursal nip leakers: v/c ’ 
radials , by which the body was either three : 
supported by a solid mass representing fused, 
overgrown or absorbed basals. Teamen com - 
posed of five large tiiangular orals sur- 
rounded by a narrow hand of perlsome. 

Arms five x two, unbra ached, pinunlate , 
strongly incurving, and composed of large 
thick plates. 

Of the forms belonging to this family 
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Cotylederma Quenst. ( Cotylecrinus Des- 
long.) (Fig. 346) is found in the Lias ; 

Cyathidhm Steenstrup (J Iicrupocrimis 
Michelin), in the Cretaceous and Tertiary : and Hoi op us d’Orb. occurs both in 
the Tertiary of Italy, and Recent in the Caribbean Sea, where it inhabits 
shallow water. 


Range and Distribution of the Crinoidea. 

The discoveries of recent years have brought to light an unexpected 
profusion of crinoidal life in the present seas, showing that instead of being 
a decadent and expiring race, as hitherto supposed, the Crinoids still con- 
stitute a vigorous stock of cosmopolitan distribution. They are represented 
by about 650 species, falling into 100 genera, which are distributed among 
twenty families and nine additional subfamilies ; about 580 of these species, 
included in eighty-five genera and in fourteen families and nine subfamilies, 
are unstalked forms or Comatulids, the dominant type of the present fauna, 
while about seventy species, included in fifteen genera and six families, are 
stalked forms. 

The stalked Crinoids attained them maximum development during the 
Paleozoic era. Three of the principal orders — the Caraerata, Flexibilia and 
Inadunata — are, with the exception of the genus Bncrinus, wholly confined to 
the Paleozoic rocks, although the characteristics of the two last-named orders 
have continued in more or less modified forms. The Articulata, on the other 
hand, appear first in the Trias, and are represented continuously to the 
present time. 

Crinoids, as a rule, have hut a very local distribution, but occasional 
species are common to two continents ; in certain formations detached stem- 
joints and calyx plates occur so profusely as to become of considerable rock- 
building importance, and strata aggregating many feet in thickness are fre- 
quently met with which are almost wholly constituted of Crinoid remains. 

VOL. i R 
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While the great majority of Recent stalked forms are deep-sea inhabitants 
the Paleozoic, on the contrary, often characterise shallow water deposits, and 
are especially numerous in the vicinity of fossil coral reefs. Of the Mesozoic 
Crinoids, the Eugeniacrinidae and Plicatocrinidae, whose remains are commonly 
associated with those of Hexactinellid and Lithistid Sponges, probably lived 
at considerable depths ; while, on the other hand, the Encrininae, Apiocri- 
nidae, Saccocomidae and Holopidae, were undoubtedly shallow water forms. 

Crinoidal fragments have been detected in the Cambrian, but consist of 
stem-joints only. The Ordovician of England also yields a variety of stem- 
joints, and well-pieserved calices of Hyhocrinus and Baerocrinus occur in rocks 
of the same age in the vicinity of St. Petersburg. In North America, the 
Trenton and Hudson River limestones are locally very rich in Crinoid 
remains. The Silurian localities of Dudley, England, and especially the 
island of Gotland, Sweden, are famous for the surprising abundance and 
exquisite state of preservation of their fossil Crinoids. The Swedish 
forms alone comprise forty-three genera and 176 species. The Silurian 
of North America, notably the Niagara Group, likewise contains a large 
variety of forms, many genera being identical with those of England and 
Gotland. 

The best-known Devonian localities are the Eifel, Rhineland ; Nassau, 
Westphalia ; the Ardennes and Department of Mayenne, France ; the Asturias, 
Spain; and New York, Michigan, and the region about the Falls of the 
Ohio River, in North America. The Lower Carboniferous Limestone of Tournay 
and Visd, Belgium, and that of England, Ireland, and the vicinity of Moscow, 
Russia, are occasionally charged with exceptionally well-preserved crinoidal 
remains. But the most famous of all horizons is the Lower Carboniferous 
Limestone of North America, where in particular the localities of Burlington, 
Iowa, and Crawfordsville, Indiana, have acquired a world-wide celebrity. 

The Upper Carboniferous contains large areas of crinoidal limestone, but 
well-preserved specimens occur rarely, the most notable being at Kansas City, 
Missouri ; some interesting forms from that horizon are found in Australia. 
The Permian has yielded but a few genera, and those, so far as yet known, 
belong to the Inadunata. A remarkable Crinoid fauna of this age has also 
been discovered in the Island of Timor. 

j From the Trias only the Encrininae and a few species of Pentacrinus are 
as yet known. The remaining members of the Articulata make their appear- 
ance in the Jura and Cretaceous, and with the exception of the Eugenia- 
crinidae and the Saccocomidae, the families are still represented in the existing 
fauna. 

[The test for the entire subphylum Pelmatozoa has been revised by Mr. Frank Springer 
of East Las Vegas, New Mexico, and Washington, D. 0. The treatment of the classes Cystoiaea 
and Blastoidea is substantially the same as m the former edition of this work, but that of the 
Crinoidea reflects the great progress in our knowledge of this group that has been made 
during the past decade. In that part of the revision which deals with post-Paleozoic Crinoids 
Mr. Springer and Mr. Austin Hobart Clark, of tbe United States National Museum at 
Washington, have co-operated with a view toward making the new knowledge of later and 
Recent Crinoids more generally available for paleontologists. Lack of space alone prevented 
a more detailed discussion of Recent Comatulids, such as had been actually prepared 
for the present work by Mr. Clark. The student is therefore referred to the independent 
publications of these two well-known eehinodermologists. — Editor.] 



CEIXOIBEA 


Table showing the Vertical Range of the Cm n 



I. Cameeata 

1. Cleiocrinidae 

2. Reteocrinidae 

3. Dimeroeiinidae 

4. Rhodocrinidae 

5. Melociinidae 

6 Calyptoerinidae 
7- Ratocrinidae 
S. Actinoerinidae 

9. Platycrinidae 

10. Hexacrinidae 

11. Acrocrinidae 

II. Flexibilia 

1. Lecanocrinidae 

2. Sagenocrinidae 

3. Ichthyocrinidae 

4. Taxocrinidae 

III. Inadttxata 

1. Laxviformia 

1. Stepbanocrinidae 

2. Pisocrinidae 

3. Haploerinidae 

4. Allagecrinidae 

5. Synbatliocrinidae 

6. Gupressocrinidae 

2. Fistulata 

1. Hybocrinidae 

2. Heterocrinidae 

3. Anomalocrinidae 

4. Cremacrinidae 

5. Catilloerinidae 

6. Belemnocrinidae 

7. Dendrocrinidae 

8. Crotalocrinidae 

9. Cyathocrinidae 

10. Botryocrinidae 

11. Poteriocrinidae 

IV. Articttlata 

1. Bourgueticrinidae 

2. Phrynocrinidae 

3. Apiocrinidae 

4. Pentacrinidae 
(a) Pentacrinids 

(5) Tbiolliericrinids 
(c) Comatulids 1 

5. Plicatocrinidae 

6. Saccocomidae 

7. Eugeniacrinidae 

8. Holopidae 



Including Mursupitcs and Uintnerinus. 


( *1 **t 
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Subphylum B. Asterozoa Louekart . 1 

Stemless Echinoderms with depressed , pentagonal or star-shaped body , consisting 
of a central dish and five or more rays (or “ arms 9 ’). Month inferior and central in 
position . Ambulacral tube-feet restricted to the under surface of the rays . Internal 
skeletal pieces of the ambulacra articulated together like vertebrae , or apposed like the 
rafters of a pent-house. Integument coriaceous , strengthened by small , irregular , 
loosely or firmly united calcareous plates , some of which bear S'pines, protuberances or 
papillae , the whole constituting a covering showing the greatest diversity in details. 

The Asterozoa comprise the two classes of Asteroidea (Starfish); and 
Ophiuroidea (Brittle Stars and Basket-fish). In both types the body consists 
of a central disk containing the principal viscera, and giving off five or more 
radiating processes or arms. The radiating ambulacral vessels are protected 
by an internal skeleton consisting of a double row of calcareous bodies (ambulr 
acral ossicles), the components of each pair being separated and movable to a 
slight extent in the Asteroidea, but being welded together so as to form a 
series of disks in the Ophiuroidea. The ambulacral grooves are open in the 
Asteroidea ; but in the Ophiuroidea they are covered by dermal plates, and 
the tube-feet project at the sides of the arms. The integumentary skeleton 
sometimes appears leathery on the dorsal surface, but is generally strengthened 
by calcareous plates or ossicles some of which usually bear spines or tubercles. 

Asterozoans are known as early as the Cambrian era, and have a continuous 
history onward to the present time. They are of rather rare occurrence as fossils, 
and are found chiefly in slaty, calcareous, or arenaceous strata which have been 
deposited in shallow water. The Asterozoans are the most homogeneous and 
most persistent type of all the Echinodermata. Both the Asteroidea and 
Ophiuroidea are represented in the Ordovician and Silurian by well-differentiated 
forms which do not differ materially from those now living. The only notice- 
able difference is that many of the Paleozoic Asterozoans exhibit an alternate 
arrangement of the ambulacral ossicles, while in all Recent species these are in 
a double row, with the ends directly apposed. 

Whether this more or less disjunct and alternating condition of the 
vertebral ossicles in Paleozoic Asterozoa is really a primitive feature of 
fundamental importance must still be considered an open question. It is 
quite possible that the apparent alternation in Paleozoic starfishes is due 
to conditions of preservation, or if not, is an inconstant and insignificant 

1 Literature : Midler, J., and Truschd , F. II., System der Astoridun. Brunswick, 1842.— 
Forbes , E., Monograph of the Echinodermata of the British Teitiarios. Ualaeont. Soc., 1852.— 
Billings, E , Figures and Descriptions of Canadian Organic Remains. (Jeol. Survey Canada, Decade 
iii., 1858. — Wright, T., Monograph on the British Fossil Echinodermata of the Oolitic. Formations, 
vol. ii., Asteroidea and Ophiuroidea. Palaeont. Sou., 1863-80. — Unit , Twentieth Report on the 
New York State Cabinet, 1868. — Quenstedt, F. A., Petrefactcnkuudo Deulschlands, vol. iv., 1874- 
1876. — Ludwig, II., Morpkologiseho Studien an Eehinodermen. Leipzic, 1877-79. — Nnmayr, J/., 
Morphologische Studien uber fossile Eehinodermen. Sitzungsber. Akad. Wish. Wien, vol. Ixxxiv. 
1881. — Carpenter, P. H., Minute Anatomy of the Braehiate Echinodermata. Quart. Journ. Micro- 
scop. Sci., 1881 . — St 10 tz, B., Beitrage zur Kemitniss pal aozoi seller See.ste.rnc. Pul noon lographica, 
vols. xxxii. and xxxvi., 1886, 1890. — Idem, Uber vorstoinerte mid lobendo Seesterne. Verhandl. 
d. naturhist. Verems Rheinlande, Westphalen, etc., 5th ser. vol. x., 1892. — Bladen, W. I\, and 
Spencer, W. K., Monograph on British Fossil Echinodermata from the Cretaceous Formations, vol, ii 
Asteroidea and Ophiuroidea. Palaeontogr. Soe., 1891-1908. — Gregory, J. W., The Stellcroidoa, in 
Lankester’s Treatise on Zoology, Part iii., 1900. — Jacket, O., Astcriden und Ophiuriden aus dem 
Silur Bohmens. Zeitschr. Deutsch. Geol. Ges. , 1903, vol. Iv ^Bather, F. Guide to Fossil In- 
vertebrates, etc. British Mus. Publ., 1907. — BcMndarf, F., ffber einige Ophiuriden mid Astornlen 
des englisclien Silur, etc. Jalirb. Nassauischen Ver. Naturk,, Jhrg. 63, 1910. 
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character, as Gregory has claimed. In Ophiurans, however, it is almost 
certain that alternation is a primitive and very important character. The 
ventral position of the madreporite in Paleozoic Starfishes and the absence of 
mouth shields in Paleozoic Ophiuroids point to an intimate relationship 
between the two groups ; and this inference is still further confirmed by our 
knowledge of several recent and fossil intermediate forms ( Astrophiura , Pro- 
taster , Ophiambix , etc.). 

If one places a Starfish or Brittle Star with the mouth uppermost, it will 
be seen that the actinal side corresponds with the tegmen, and the central 
disk, with the base of a Pelmatozoan. When oriented in this manner, the 
position of the principal organs (ambulacral, circulatory and nervous systems) is 
the same in both groups. The homology between # the arms of an Asterozoan 
and those of a Crinoid or Cystid, or the ambulacral fields of a Blastoid, can 
also hardly be doubted. But efforts to interpret a homology between plates 
of the dermal skeleton as developed in either group have been only partially 
successful ; the reason being that these structures became variously modified 
and specialised throughout the different classes at an extremely early period. 

A comparison of the ontogenetic stages passed through by the Pelmatozoa 
and Asterozoa, so far as at present known, reveals nothing definite in regard 
to their close relationship. The Asterozoans are most nearly comparable 
with certain of the Cystideans ( Agelacrinus and the Callocystidae). But that 
they are the direct descendants of the Cystoidea appears very improbable, for 
both geological and morphological reasons. The fact is, that both types 
appear simultaneously and in a high state of development, each being quite 
distinct from the other, as far back as the Cambrian. 

While it is clear that a well-marked separation exists between the two 
classes of Asteroidea and Ophiuroidea, there is very unsatisfactory evidence 
in support of a third group of equal rank, such as Ophiocistia Sollas or Aulu- 
roidea Schondorf. The genera composing the former may better be retained 
among the Ophiurans, while as for the latter, it is difficult to believe that 
the characters assigned to it are real. More likely these supposed characters 
rest upon a misinterpretation of the material. Fossil Asterozoans seem to 
have been preserved in many cases only after the decay or removal of much 
or all of the non-calcareous parts. Sometimes apparently the entire abactinal 
side has been destroyed. In other cases only impressions remain, chiefly 
of the harder parts, and the actual structure cannot be ascertained. It 
is not surprising, therefore, that our knowledge of the Paleozoic forms 
is still incomplete, and that erroneous interpretations should have been placed 
upon some of their structural characters. 

Class 1. ASTEROIDEA Burmeister. Starfishes . 1 

Asterozoans whose simple and more or less flattened arms are prolongations of 
the central dish, and contain the hepatic appendages .of the alimentary canal , as well 

1 Literature : Forbes , E. t British Fossil Astenadae, Mem. Geol. Survey, vol. ii., Part ii., and 
Decade iii., 1848 and 1850. — Salter , J. TE, New Palaeozoic Star-Fishes. Ann. Mag. Nat. Hist., 1857, 
vol. xx. — Gray, J. E., Synopsis of the Species of Star-Fish in the British Museum, 1866. — Swiono- 
witsch , &, Uebev einige Asteroiden der rheimschen Grauwacke. Sitzunssber. Wien. Akad., 1871, 
vol. lxni. — Sars, G. 0., Researches on the Structure, etc., of the genus Brisinga. Christiana, 1875.— 
Perrier , E ., Revision de la collection des Stellerides du Museum d’Hist. Nat. de Paris. Arch, de 
zool. expenm., iv., v., 1875-76. — Agassis, JL. North American Star- Fishes. Memoirs Museum 
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as the generative organs . Ambulacral feet disposed in rows along deep open grooves 
on the under or aetinal surface of the arms . 


Starfishes have typically five arms (but in some cases as many as eight, 
ten, twenty, forty, or more), which are prolongations of the central disk, 
usually not sharply marked off from the same. The integumentary skeleton 
consists of plates which are either contiguous with one another along their 
edges, overlapping or united in a reticulate fashion, and covered with a leathery 
skin. The calcareous plates often bear movable spines, or they may be 
tuberculated or granulated. Modified spines with a special function and 
called pedicellariae are found in most Asteroidea and are often conspicuous. 
They never occur in Ophiurans or Holothurians, and arc not known among 
Pelmatozoa, but what appear to be homologous organs occur in nearly 
all Echini. The abactinal surface usually exhibits a central or sub- 
central anus, and also a madreporite, which is situated in one (rarely two 
or more) of the interradii. The madreporite is coverod with labyrintbic 
furrows, and is perforated for the admission of water into the so-called stone 
canal , whence it is conveyed into the water-vascular ring surrounding the 
mouth. The protrusive caocal processes ( papulae ), which in the more 
primitive forms are restricted to the dorsal surface, but in the more specialised 
are distributed over the whole body, serve as respiratory organs, the body 
fluids being brought into close contact with the oxygenated water. 

The mouth occupies the centre of the ventral surface, and is pentagonal in 
contour, owing to the projection of five pairs of interradially disposed oral 

plates. Each of the arms is traversed on 


A 11 



Fig. 347 

Ocular plates of 
Pcntayonastvr (?) from 
the Upper Jura of 
Streitberg. 2 /i. 


the under or oral side by a broad and deep 
furrow, which tapers gradually in passing 
from the mouth to the tip of the arm, where 
Fits. 348. it is terminated by a simple grooved plate 



Detached ambu- (Pig. 347 ) called the ocular plate . The roof 

lacral ossicle ol Pmi- ' » ° , ' , , . . i-i, 

iayonciAter (?) from of each ambulacral furrow is formed by two 
streitberg i of rows of rafter -like, rather elongate, ambvr 
lacral ossicles , the inner ends of which are 


held together by muscles (Figs. 348-350). Running along the centre of the 
groove on its ventral side are placed in succession the radial water-tube, 


blood-vessel and nerve cord. These are all homologous with the like-named 
organs of Ophiuroids. 


The form of the ambulacral ossicles differs in different genera. In all 
Recent forms the ends are directly apposed against one another in the median 
line of the ambulacral grooves ; but in Paleozoic forms they were apparently 
arranged in alternate rows, and inclined towards one another at a very small 
angle. Each pair of ambulacral plates is excavated at the sides, so as to give 


Comp. Zoology, Cambridge, v., 1877. — Viyui&r , C., Anatomic coraparee till squid otto dos StelUrides. 
Arch, de zool. experim., vii., 1878, — Sladen, W. P t , Report on the Asteroidea. Scient. Results, 
Challenger Expedition, 1889, vol. xxx. — Fracts , IS., Die Asterien des woisson Jura. Palaeonto 
grapbica, 1886, vol. xxxii. — Gregory , J. TV., On Lindstroemastor and the classification of the 
Palaeaaterids. Ceol. Mag., 1899, dec. 4, vol. vi. — Linslow , 0. v ,, Zwei A steroi don aus mar- 
kischem Septarienton, etc. Jalirb. k. Preuss. Laudcsanst., 1909, vol, xxx. pt. 2. — Mchondorf, F, 
Die Organisation und system atische Stol lung dor Sphaoriton. Areli. f. Eiontologic, 1906, vol, i. 
— Idem, Palaozoische Seesterne Deutschlands. Palaeontogr. 1909-10, vols. lvi,, lvii. — Idem , Die 
fossilen Seesterne Nassaus. Jahrb. Nassauischen Yer. Naturk., Julng. 62, 1909. — Hudson Q. II., 
A fossil Starfish with ambulacral covering plates. Ottawa Nat., 1912, vol. xxvi. 
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rise by their apposition to a series of small apertures, through which the 
distensible tube feet or pedicels are emitted. The latter are the downward 



Fig. 340. 


Astropcctcn an i ant ulcus (Linn) Recent; 
Mediterranean. Enlaiged vertical section of 
one of the arms, am , Ambulaoial ossicles , 
ad, Adambulacral plate , mv, Infero-inarginal 
plate ; md, Supero-margmal plate ; Super- 
ambulacral plate. 



Fig. 350. 

Ante i icis rnhens Linnaeus. Recent ; 
German Ocean. Enlarged vertical 
section of one of the arms, am. Am- 
bulacral ossicles ; ad, Adambulacral 
plates; mv, Infero * marginal plates; 
a. Radiating water-tube ; o, Ampullae ; 
p, Tube-feet. 


prolongations of lateral branches given off by the radial ambulacral vessel ; 
the upward prolongations of the same form small sacs called ampullae, by 
means of which water is forced into the tube feet. 

The lower ends of the ambulacral ossicles rest against a series of 
adambulacral plates , and in many forms these are bounded in turn by large 
marginal plates (Fig. 349). Intermediate plates are those which are inserted 
between the infero-marginal plates and the adambulacral plates. By the 
term dorsal plates are understood all calcareous bodies occurring on the dorsal 
side of the body. 

Perfectly preserved Starfishes are known only from a few localities, such as 
Bundenbach in Rhenish Prussia, the usual mode of occurrence being in the form 
of moulds, or detached plates. The earliest forms are found in Cambrian rocks. 

There is no generally accepted classification of the Starfishes. Not only 
do specialists disagree as to the orders and families, but there is the widest 
divergence of opinion as to the principles upon which the classification should 
be based. Unfortunately none of the zoologists who have in recent years 
attempted to formulate a classification for the group, except Sladen,, has taken 
fossils into account, and even Sladen was inclined arbitrarily to separate 
Paleozoic and Recent forms. The latest authority, Fisher, accepts three 
orders but does not consider their limits as satisfactorily determined. The 
study of Recent forms has shown that the characters of the tube-feet, 
reproductive organs and other soft parts are of real importance in determin- 
ing family limits, and that the pedicellariae are possibly of even ordinal 
importance, hence it is exceedingly difficult to intercalate fossil Starfishes in a 
classification of the living forms. As has been suggested above, Gregory is 
very possibly correct in his view that the alternation of the ambulacral 
ossicles cannot be considered of fundamental importance, but may often be 
only a result of pressure during fossilisation. It certainly ought not to be 
used to isolate all Paleozoic forms, or most of them, in a class by themselves. 
One character upon which stress was first laid by Sladen has come to be 
generally regarded as of fundamental importance, i.e, the size and appearance 
of the marginal plates. The genera in which these plates are large and 
conspicuous have the papulae confined to the space bounded by the upper 
series or supero-marginals ; and this group, called Phanerozonia by Sladen, is 
now quite generally accepted although its exact limits, at least among living 
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Starfishes, are still uncertain. All other Starfishes may be grouped, as was 
done by Sladon, in a contrasting order, Cryptozonia ; but this is probably not 
a natural group, and Fisher distinguishes two divisions. These, however, arc 
separated by characters not ascertainable in Paleozoic remains, and for practical 
purposes, the paleontologist may well accept the Cryptozonia. 


Order 1. PHANEROZONIA. 

Asteroidea in which the marginal plates are large and conspicuous ; papulae 
nearly always confined to the dorsal surface ; amhulacral ossicles not crowded , amd 
tube feet in two rows in each amhulacral groove. 

This order includes a large proportion of the Paleozoic and Mesozoic 
Starfishes, besides numerous Recent genera. Fisher groups the Recent forms 
in no less than a dozen families, and Gregory gives four others for Paleozoic 
species alone. Many of the Recent families are not known as fossils, and 
others may have one or a few extinct representatives. The most important 
families and genera from a paleontological point of view are the following. 


Family 1 . Palaeasteridae. 

The typical members of this family have the amhulacral ossicles more or 
less completely alternating. The adambulacral plates are most conspicuous 
n in the mouth parts. The 

marginal plates and many 
of the abactinal plates are 
conspicuous. 

The exact limits of this 
familyare hard to determine, 
as the known forms are all 
from the lower Paleozoic. 
The typical genus Palaeaster 
Hall (Fig. 351) is known 
from both Europe and 
America. Hudson has re- 
cently proposed a new order 
and family for an interesting 
Starfish ( Protopalaeaster) 
from the Ordovician’ rocks of 
Canada. It is, however, 
probably allied to Palaeaster . 
The plates which Hudson 
calls epineurals are probably 
the ambnlacrals seen from within, the dorsal side of the animal being lost. 

Several genera allied to Palaeaster have been described (Petraster Billings ; 
Archasterias Muller; Argaster Hall; Ataxaster Jaekel, etc.), while other less 
typical forms (Xenaster Simonowitsch ; Tetraster Eth. and Nich.)have been the 
subject of debate as to their true position. Whether Lindstmmaster Gregory 
is properly referable to this family is not certain ; it bears considerable super- 
ficial resemblance to the Goniasteridae. 



Pin. 351. 

Pahumter eurharh Hall. Devonian ; Hamilton, New York, 
ventml aspect, natural size. Z>, Dorsal surface of one of tlio ar 
c, Diagrammatic view of ventral surface of the arms (after Hall). 
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Family 2. Astropectinidae. 

This is one of the largest families of Recent and Mesozoic Phanerozonia, 
about twenty Recent genera being known. The ambulacral ossicles are 
opposite but that seems to be the only difference from the Palaeasteridae. 
The type-genus, Astropeden Gray (Fig. 349), occurs in the Lias and later 
Mesozoic, and is still a large and widespread genus. It is quite possible that 
some Paleozoic forms are nearly related, if not actually congeneric, as for 
example, Astropeden schliiteri Sttirtz, from the Devonian. The lower Silurian 
Silur aster Jaekel is also very probably one of this family. 



Fkj. 352. 


Family 3. Aspidosomatidae. 

This family is characterised by alternate ambulacral ossicles and large 
interradial areas. The rays are more or less petaloid or tapering, and the 
disk is large. All of the known 
forms are from the Paleozoic and 
their structure is not only incom- 
pletely known, but there is the 
widest difference of opinion in inter- 
preting such characters as are dis- 
tinguishable. The type - genus 
Aspidosoma (Fig. 352) has been 
very carefully studied by SchOn- 
dorf. As a result of these studies, 
he proposed a new class called 
Auluroidea. The structure of 
Aspidosoma shows, however, that 
it is probably a phanerozonate Star- 
fish. Allied genera are Palaeonedria . , , , , 0 T _ . , 

4=5 Aspidosoma petaloides Simon. Lower Devonian ; Me der- 

and Palaeostella Sttirtz, and Tncha- lalinstein, Nassau. A, Ventral aspect, natural size. B, Arm 
, • tt^ i viewed from the dorsal side. C, Ventral aspect of arm, 

steropsis Lck. enlarged (after Simonowitsch). 

Family 4. Taeniasteridae. 

In this family, which is also confined to the Paleozoic, 
the disk is very small and the rays are long and tapering. 
The adambulacral plates are large and marginal in position. 
The marginal plates bear spines on their free ends. The 
principal genera are Taeniaster and Stenaster Billings, from 
the Lower Silurian of Canada, and Salteraster Sttirtz, from 
F10.353. the Silurian of England. Perhaps Protasteracanthion Sttirtz, 
Pantag onaster (?) from the Devonian of Germany, also belongs here. 

imp ressus (Quonst.). 

Upper J ura ; Beiohen- 

Supe™- marginal Family 5. Goniasteridae ( = Pentagonasteridae). 

plate. JB, Infero- 

piatl m wth P ^pose C d These Starfishes are generally recognisable by their flattened 
pedieeiianae (after form, short rays, very large disk, and very conspicuous 
Queustedt). marginal plates. The family is a large one, with more than 

forty Recent genera, and its limits are ill defined. It first appears in the 
Jurassic, and it is well represented in Cretaceous strata. The genus Pentagonaster 
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Gray, was monotypic when described, and as now limited probably contains 
no fossil forms ; but a considerable number of species and fragments (Figs. 
347, 348, 353) from the Mesozoic have been referred to it. An allied genus. 


m 


m 


Me to) taster parlunsoni (Forbes), 
(after Forbes). 


Lower Chalk ; Sussex. J, Ventral aspect. ~ Ii, Viewed from one side 


Metopaster Sladen (Fig. 354), is represented by numerous species in the 
Cretaceous rocks of England. Other Cretaceous genera are Pydnaster Spencer, 
and Mitmster Sladen, while Leptaster de Loriol is found in Jurassic strata. 


a 

t \ w 


'ii- 


mm 




Fin. iiflO. 

S))Jiacrltes wutntnit Goldf. 
Uppor Jura; Month eim, 
Wurtomborg. 




A, Oreasterjurcumcus (Zitt.). Upper Jura ; Bemfeld, noarlngolstadt, 
Bavaria. l / B , B, 0. thomcifer (Gain.). Planer ; Plauen, Saxony. 
Marginal plate. C, 0. primaevus (Zitt.). Upper Jura ; Streitberg. 


A, Sphaenten talmlatux 
Goldf. B, Spline, r. jmndahis 
Goldf. Upper dura, Mtreit- 
berg, Franconia. 


Several Recent genera, such as Gallulerma Gray; Nymphaster Sladen; 
Comptonia Gray, have been thought to have Cretaceous representatives, and 
there is little reason to doubt that many Cretaceous Starfishes of this family 
were congeneric, at least in a broad sense, with those of to-day. 
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Family 6. Oreasteridae (wrongly Pentacerotidae ). 

This family includes some of the largest Recent Starfishes, characterised by 
a massive skeleton, with large, though sometimes concealed, marginal plates. 
Conspicuous spines or tubercles are commonly found on the abactinal plates. 
The type genus Oreaster M. and T. (wrongly Pentaceros) (Fig. 355), is wide- 
spread in shallow water in the tropics, while geologically it is known at least 
as early as the Upper Jura. Numerous species of this genus occur in the 
Cretaceous. Arthraster Forbes, and Stauranderaster Spencer, from the British 
Cretaceous probably belong to this family. 

Family 7. Sphaerasteridae. 

Isolated plates, to which Quenstedt gave the name Sphaerites , from the 
Jurassic rocks of Germany, France and Switzerland, have long puzzled 
paleontologists, but Schondorf has recently shown that they belong to certain 
remarkable Starfishes, which he calls Sphaemster , allied to the Oreasteridae. 
In some cases (Fig. 356) the plates bear large spines, but in others they are 
simply punctate (Fig. 357), or quite smooth. The animal was high hemi- 
spherical in form, and the large ones were 25 cm. in diameter. They seem to 
have been confined to Jurassic seas. 

Order 2. CRYPTOZONIA. 

Asteroidea in which the marginal plates are small and inconspicuous ; papulae 
distributed on the oral surface ; ambulacral ossicles are often crowded and tubefeet 
may be in four rows in each groove. 

Between fifteen and twenty families of cryptozonate Starfishes are now 
recognised, but the great bulk of these are Recent forms. The order is rare in 
the Paleozoic, and the structure of those forms which are referred to it is im- 
perfectly known. Accordingly, their systematic position is doubtful. The 
genus Palasterina M £ Coy (Cambrian to Devonian ; Europe and North America) 
is regarded by some writers as cryptozonate and by others as phanerozonate. 
It is probably related to Asterina Nardo, a widespread Recent genus, which 
Sladen considered phanerozonate, other writers to the contrary notwith- 
standing. The genera Palaeocoma , Bdellacoma and Rhopalocoma Salter are 
probably Cryptozonia but their family position is very doubtful. 

Lepidaster Forbes, of uncertain affinities, is an interesting Silurian genus 
with large disk and thirteen rays. Ethendgaster Gregory, from the Carboni- 
ferous of New South Wales, is considered bv its describer as a related genus, 
although it has only five rays and was originally regarded as a Palaeaster . 
Medusaster Stiirtz is notable for having fourteen rays, and Eelianthaster Roemer 
is another remarkable form with sixteen rays. The latter has been regarded 
by some as a Starfish and by others as an Ophiuran ,* it is probable that it 
belongs in the Cryptozonia, but most unlikely that it is related to the Recent 
South American Eeliaster. 

It is possible that the Recent family Linckiidae isrepresented in the Devonian 
by Roemeraster Stiirtz, but the relationship is very dubious. The genera 
Palasteriscus and Echinasterella of Stiirtz from the Devonian are said to have the 
madreporite on the oral side, which would alone render them worthy of note. 
Loriolaster and Gheiropteraster Stiirtz, also from the wonderful Bundenbach 
slates, are possibly allied to the Recent Pterasteridae. Mesozoic and Tertiary 
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Cryptozonato Asteroids are very rare. The Recent genus Master Forbes is 
represented by a species with numerous arms in the Great Oolite of England. 

Two important families of Recent Cryptozonia are the Echinastevidac and 
the Asteriidae, A species of Echinaster M. and T. has been described from 
the Neocomian, and Forbes thought he found in the Rod Crag of England 
remains of the now common Asterias rubens Linn. It is strange that no good 
evidence has been found of the occurrence of Asterias in Tertiary strata. 


Class 2. OPHIUROIDEA Gray. Brittle Stars. i 

Asterozoans having a more or less sharply defined central dish containing a simple 
digestive cavity which does not radiate into the slender rounded arms , and has no anal 
opening . Reproductive organs confined to the dish . Arms with an axis composed of 
calcareous joints, the dements of which are usually fused to form 11 vertebral ossicles 
encased with plates or covered with a leathery shin , and very rarely with open 
ambulacra! grooves . Madreporite constantly on the actinal (oral) side of the dish. 

A li 1) 



)/ Fi(i. 3.08. 

A, Vertical section of an Ophuiran arm. w, Vertebral ossicle; a, Aiubukicml vessel, with .snle-buuichos load* 
n iff mlothe tube-feet; h, Blood-vessel; n, Nor vo-coid ; e, Ventral or lower arm-plute , l, Side-plates , < I, Dorsal 
plate. IJ, Vertebral ossicle, seen fiom the inward side, with surrounding arm- plates. U, How of vertebral 
ossicles viewed from the side, and sliffhtly enlarged ; x, Apertures whore the branches of the amhulaeral vessel 
enter and emerge from tlio arm-bones ; ?/, Depressions lor the insertion ol intra vei tobral muscles. I), Month- 
frame of an Oplnuian, with the proximal vertebral ossicles. The heavy lines hordenng the arms represent the 
genital slits ; the dark pentagon in the centre marks the course of the nerve-ring. 


Ophiuroids are distinguished from the typical Starfishes by their cylin- 
drical flexible arms, which are sharply separated from the central disk, and 

1 Literature : LiUken, C. F., Additamenta ad historian! Ophluridarum. Kongl. dan. Vidensk. 
Selskabs Skrifter, v. and viii., 1858-69. — Lyman , T., Ophmridae and Astrophytidae. Illnstr. Cat. 
Mus. Comp. Zool. Cambridge, Nos. i.-iii., 1865. — Ludwig , 11., Beitrago zur Anatomic der 
Ophiuren. Zeitschr. fur wissensch. Zool., vols. xxxi., xxxiv., 1878-80. — Ludwig , II., Morph ologischc 
Studien an Echniodermcn. Leipzic, 1877-79.— Lyman, T., Report on the Ophiuroidea. Challenger 
Expedition, Zoology, vol. v., 1882. — Picard , K tj ber Ophiuren aus dem oboren Muschelkallc. 
Zeitschr. deutsch. geol. Gesellseh., vol. xxxviii., 1886. — Boehm, G., Beitrag zur Kenntniss fossiler 
Ophiuren. Berichte naturf. Gesellseh., Freiburg, v., 1889. — Gregory, J. W ., On the classilication 
of the Palaeozoic Echinodenns of the group Ophiuroidea. Proc. Zool. Soc., London, 1896 . — Mott tin, 
W. J., On Silurian Echmoidea and Ophiuroidea. Quart. J ourn. Geol. Soc. , 1899, vol. lv, — llamann , 
0., Die Schlangensterne. Buch iii., Abt. 3, Bd. 2, of Bronn’s Klassen und Orduungen des Ticr- 
reichs, 1901. — Strasscn, 0 . zur, Zur Morphologie des Mundskelettes der Ophiurideu. Zool. Anz., 
1901, vol. xxiv. — Jacket, 0., Asteriden und Opbiuriden aus dem Silur Boh mens. Zeitschr. Deutsch. 
Geol. Ges., 1903, vol. lv. — Parks, TV. A., Notes on tlicOphiuran genus Protaster. Trans. Canad. 
Inst., 1909, vol. viii. — Sollas, I. B. J. and TV. J., Lapworthura : A typical Brittle-star of the 
Silurian Age. Phil. Trans., 1912, vol. ccii. 
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do not contain diverticula of the alimentary canal nor of the sexual organs. 
The arms serve as locomotive organs, and are either elegantly plated 
or protected by a coriaceous skin, in which minute granules and scales are 
embedded. When plated, the covering consists typically of four rows of 
calcareous plates, known as the upper, lower and side arm-plates (Fig. 358, A ). 
The lateral or adambulacral plates usually carry rows of mobile spines. 

The greater part of the interior of the arms is occupied by a linear series of 
jointed, vertebra-like sections called the vertebral ossicles or arm bones , each of 
which is made up of two, or possibly of four, ambulaeral pieces soldered side 
by side (Fig. 358, B , Cf). The halves of the first two vertebral disks are swung 
laterally into the interbrachial space, being fused together to form the mouth 
angle. The remainder of the arm-bones are movably articulated with one 
another by means of bosses which project from the centres of both surfaces, 
the interspaces being filled with muscles. The entire series is incised inferiorly 
along the median line for the reception of the radial water-tube, beneath 
which runs the radial blood-vessel and nerve cord, the whole being closed in by 
the integument. The radial ambulaeral vessel (water-tube) gives off a pair of 
lateral branches in each arm ossicle which pierce the bone itself, and supply 



Portion of central rlisk of Ophuim viewed 
from the dorsal side, a, .Radial shields; 
b t Upper arm-plates ; c, Side arm-plates. 



0 

Fn». 300. 


Portion of central disk of Ophiura 
viewed fiom the ventral hide, a, Mouth 
shield ; b, Side mouth shield ; c, Jaws 
bearing papillae ; tr, Genital slits ; li, Side 
arm-plates ; l, Pores for the emission of 
the tube -feet, surrounded with tentacle 
scales ; k, Spines. 


the tentacle-like tube-feet with water. The tube-feet are without either 
ampullae or terminal suckers, and the orifice of the plates through which they 
protrude is often protected by one or more minute tentacle scales (papillae 
ambulacrales ), which serve to cover the tentacles when they are drawn in. 

On the under side of the disk is seen the central, star-shaped aperture of 
the mouth (Fig. 363), which leads into a large sac-like stomach. The latter 
terminates blindly, there being no intestine. The body cavity also contains 
the ambulaeral, blood and nerve rings, as well as the generative glands, whose 
ducts open into folded pouches or bursae . The bursae are arranged in five 
pairs, one to each interbrachial area, and communicate with the exterior by 
means of slit-like fissures (genital slits), which skirt the arm bases inferiorly, 
and are bounded by genital or bursal scales . Sometimes the fissures are 
discontinuous ( Ophioderma ), appearing as two slits, one behind the other ; and in 
some fossil forms they are represented by rows of pores. 

The integument covering the entire upper surface of the disk and the 
interbrachial area on the ventral side is frequently beset with calcareous 
plates ; but this scale coat may be covered in turn with a thick skin, or bear 
spines or granules. A large central plate is sometimes recognisable on the 
dorsal aspect of the disk, together with five pairs of plates, which, from their 
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position at the points of origin of the arms, are called radial shields 
(Fig. 359). On the ventral surface of the disk, the inner angle of each 
interbrachial space is occupied by a single large plate termed the mouth 
shield {scutum buccale ) (Fig. 360), one of which serves as the madreporic body. 
But in the Cladophiuroida the mouth shields are often feebly developed, or may 
be wanting altogether; and in place of them a madreporite is found in one or 
all of the interrays. The mouth shields are bounded proximal ly by a pair of 
somewhat smaller plates called the side month shields. Finally, within the 
side mouth shields, and usually pressing against them, aro the jaws which are 
sometimes covered by the skin or by granulations (Fig. 360), Teeth are 
constantly present, being attached to the jaw-plates by small muscles, and 
other tooth-like processes {tooth-papillae and oral-papillae ) aro generally present 
at the inner angle or along the sides of the jaws. 

A natural classification of the Ophiuroidea remains to be established. 
Those who have worked principally on Eecent forms have not, as a rule, 
proposed any completed system ; and so while our knowledge of the number 
and variety of Recent species has increased enormously, no progress has been 
made toward a rational arrangement of the class. On the other hand, some 
valuable work by paleontologists has been vitiated by ignorance of the Recent 
forms, while the difficulties of the material with which such work must bo 
done has led to radical differences of interpretation and opinion. 

The proposed groups Protophiuroidea and Enophinroidea may be natural 
divisions, but as the character upon which the class is differentiated is the struc- 
ture of the arm and the development of “ vertebral ossicles,” the classification 
proposed by Bell and elaborated by Gregory may better be adopted as a 
basis for further study. Under this system four orders may bo recognised, 
but family limits are uncertain and unsatisfactory. The termination of 
Gregory's ordinal names is altered to end in - oida . 

Order 1. LYSOPHIUROIDA. 

Ophiuroidea in which the vertebral ossicles are incomplete , the two halves not 
being united , but separate and alternate. There are no ventral arm-plates and thus 
a more or less distinct ambulacral furrow is present. 

This order includes a group of Paleozoic Astcrozoans, intermediate 
between Ophiurans and Starfishes. They differ from the latter only in the 
general form, the arms being sharply set off from the disk, but probably the 
alimentary canal and reproductive organs were confined to the disk. The 
characters of the ambulacral plates are often uncertain, but they may be 
either subquadrate or “ boot-shaped.” The character of the mouth-parts in 
this order and the next has been well worked out by the ‘Sollases, and their 
primitive character clearly shown. The principal genera are Protaster Forbes 
from the Silurian, and Bundenbachia and Palaeophiura Sturtz, from the Devonian 
of Europe. The Ophiurans from the Lower Silurian strata of Bohemia, 
whose structure is discussed by Jaekel, are undoubtedly members of this 
order. The most important genus is Bohemura. 

Order 2. STREPTOPHIUROIDA. 

Ophiuroidea in which the vertebral ossicles are more or less complete , and in 
any case , the two halves are opposite . The ossicles articulate with each other by ball- 
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and-socket joints. The arm-plates are more or less completely developed and the side 
arm-plates may carry spines . Arms may be very short with relatively enormous 
tube-feet, as is apparently the case in Eucladia. 


This order includes a number of Paleozoic forms and not a few Recent 
species. Important genera are Ophiurina Stiirtz, Devonian, with separate am- 
bulacral ossicles and no ventral arm- 
plates; Lapworthura Gregory, Silurian, 
with barely fused ambulacral ossicles, 
and no ventral arm-plates ; Sympterura 
Bather, Devonian, similar to Lap- 
worthura, but with narrower rays and 
spinulose disk ; and Eoluidia Stiirtz, 

Devonian, with fused ossicles, and with 
ventral arm -plates. The genus Ony- 
chaster Meek and Worthen (Fig. 361), 

Lower Carboniferous, has usually been 
regarded as representative of the 
modern Euryalids, but the character of 0 < 
the ambulacral ossicles necessitates its 

inclusion m this order. The remarkable exposing the mouth frame. B, Mouth frame enlarged, 
TJ 7 7- txt i j j viewed from above : G . Vertehial ossicle, enlarged. 

Silurian genera lactam Woodward, and 

Enthemon Sollas, are exceedingly difficult to place, and their relation to other 
Ophiurans is problematical. 



Fig 361. 


Order 3. CLADOPHIUROIDA. ' 

Ophiuroidea in which the vertebral ossicles are complete and articulate with each 
other by means of hourglass- shaped surfaces . The arms are often dichotomously 
branched and lack regular series of arm-plates . 

This order includes a large number of Recent forms, those with branched 


A B 



Fig. 362. 

Aspidura loncata (Goldfuss). Muschelkalk ; Waschbach, Wuitemberg. A, group of individuals of the 
natuial size (after Quenstedt). B, Ventral aspect, enlarged (after Polilig). 

arms ( Astrophyton , Gorgonocephalus, Euryale) being known as “ Basket-fish ” or 
“Sea-spiders.” Fossil forms are rare, but certain Mesozoic remains of doubt- 
ful position have been referred to the Recent genera Astrocnida and Euryale. 
Onychaster , the Streptophiuran referred to above, has peculiarities that suggest 
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this order, but the form of the ossicles certainly seems to exclude it. 
Moreover, Eudadia , so far as its structure is known, is capable of very diverse 
interpretations, and the possibility that it is a Starfish rather than an 
Ophiuran, must not be wholly ignored. 


Order 4. ZYGOPHIUROIDA. 


Ophiuroidea with simple arms , perfectly regular series of arm-plates and vertebral 
ossicles fully developed. The movement of the ossicles on each other is greatly limited 
by the development of lateral processes and pits on their articulating surfaces. 


This order includes the great 


A 



Fits. 303. 


Ophiocten kelheimensc Bulim. Lithographic Sto 
Knllieim, Bavaria. A, Ventral aspect of disk. 
Doisal surface of one of the arms. (Both figures 
larged ; ongmal in Munich Museum.) 


k of the Recent Ophiurans as well as 
those of the Mesozoic and Tertiary. 
Indeed some of the Recent genera seem 
to have been differentiated as far back 
as the Jurassic, and Ophioderma appar- 
ently occurs in the Triassic. No 
Paleozoic forms can certainly be re- 
ferred to this group. 

The genera Aspidnra (Fig. 362) 
and Acrnra Agassiz are occasionally 
abundant in the German Muschelkallc, 
and certain Liassic Ophiurans were 
also, like many Recent species, notably 
io ; gregarious. In the Lower, Middle 
and Upper Jura are found Brittle Stars 
closely allied to the Recent Ophiolepis 



Fia. 3111. 

Gcocomn cannata Goldf. Lithographic Stone ; Zandt, near Solenhofmi, Bavaria. A, Individual of the 
natural size. £, Dorsal aspect of disk, showing granulations and central depression. C, Ventral .surface of one 
of the arms. (Figs. B and C enlarged.) 


M. and T. ; Ophiocten Ltk. (Fig. 363); Ophiura Lamk. (Figs. 359, 360); and 
Ophiomusium Lyman. It is possible that some of these are really congeneric 
with Recent species. The Mesozoic genus Geocoma d’Orb. (Fig. 364) is related 
to the Recent Amphiura Forbes, but there can be little doubt that some of 
the species referred to it are based on material which cannot be determined 
so precisely. Liitken considers Ophiurella elegans Ag., from the Lithographic 
Stone of Solenhofen, to be a member of the Recent genus Ophiocoma Ag., but 
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it is doubtful whether it may not be quite as properly assigned to one of 
several other genera. Other Jurassic and Cretaceous forms have been 
assigned by Lutken to Ophium Lamk. ( Ophioglypha Lym.), and there is good 
reason to believe that the genus, in a broad sense, is one of the oldest now 
living. Fossil Ophiurans, whose disk-covering or mouth parts cannot be 
determined, ought not to be assigned to Recent genera, but all such and all 
others which cannot be accurately characterised may well be designated by 
the broad term Ophiurites . 

[The text for the foregoing section on Asterozoa has been revised for the present work 
by Dr. Hubert Lyman Clark, of the Harvard Museum of Comparative Zoology, at Cambridge, 
Massachusetts. — Editor] 

Subphylum C. Echinozoa Leuekart. 

Armless and non-peduncidate Echinodermata , with globular , cordiform , discoidal 
or worm-like bodies , which are either encased in a plated test or are imested with a 
leathery integument , embedded within which are small-sized detached calcareous bodies. 


Class 1. ECHINOIDEA Bronn. Sea-Urchins . 1 

Animals possessing a wide range of structure, but haring alimentary, reproductive, 
nerve and water vascular systems within an enclosing superficial pentamerous plated 
skeleton, which bears movable spines. There are from two to twenty columns of plates 
in each of the five amhdacral areas, and from one to fourteen columns of plates in 

1 Literature : Agassiz , L and Desor , A?., Description des echmides fossiles de la Suisse, 1S39- 
1840. — Catalogue raisonne des families, genres, et des especes de la classe des echinides. Ann. des 
Sci. Nat., 1846-47. — d'Orbigny, /1 M Paleontologie franyaise. Terrains cretaces 1853-55, vol. vi. — 
Cotteau, O. II., and Triger , Echinides du departement de la Sarthe, 1857. — Desor , E., Synopsis 
des echinides fossiles. Paris, 1858. — W right, T., Monograph on the British fossil Echinodermata 
of the Oolitic Formations. Palaeontograph. Soc., 1857-78. — Idem , Cretaceous Formations. Palaeont. 
Soc., 1864-82. — Cotteau , G., Paleontologie fra^aise, vols. vii., ix. and x., 1S62-79. — Laube , G. C., 
Echinodermen des vicentischen Tertiargebietes. Denkschr. Akad. Wiss. Wien, vol. xxix., 186S. 
— Loriol, P. de, and Desor, E., Echmologie helvetique, vols i.-iii. Geneva, 1868-85. — Quenstedt , 
F. A., Petrefractenkunde Deutschlands (vol. in., Eehiniden), 1S72-75. — Agassiz, A., Revision of 
the Echini. 111. Cat. Museum Comp. Zool. Cambridge, No. 7, 1872-74.— Reports on the Echini 
of the Hassler (1874), Challenger (1881) and Blake (1883) Expeditions. — Lovtn , S., Etudes sur les 
echinoidees. Svensk. Vetensk. Akad. Handl., vol. xi,, 1874. — Cotteau , Perun , and Gauthier. 
Echinides fossiles de l’Algerie. Pans, 1876-91. — Loriol , P. de, Monographic paleontologique, etc. 
Abhaudl. Schweiz. Pal. Gesellsch., 1876-81, vols. iii., viii. — Dames, TP., Die Eehiniden der 
vicentischen und veronischen Tertiar-Ablagerungen. Palaeontographica, 1877, vol. xxv. — Agassiz, 
A., Palaeontological and Embryological Development. Proc. Amer. Assoc. Adv. Sci., 1880. 
— Duncan, P. M., and Sladen, W. P., Monograph of the fossil Echinoidea of Western Sind. 
Palaeont. Indica, Ser. xiv., 1882-84. — Schluter, G Die regularen Eehiniden der norddeutschen 
Kreide. Ahhandl. zur geolog. Special-Karte von Preussen, vol. iv., 1883. — Idem. Neue Folge, 
Heft 5, 1892. — Loriol, P . de, Description des echinides. Commission des travaux geol. du Portugal, 
1887-88, vol. ii. — Loven, >$., On Pourtalesia. Svensk. Vetensk. Akad. Handl , 1884, voh xix. — • 
Pomel, iV. A., Classification methodique et genera des echinides vivantes et fossiles, 1883. — Duncan. 
P. M., Revision of the Genera and Great Groups of the Echinoidea. Joum. Linn. Soe., 1889, 
vol. xxiii. — LovSn, S., Echinologica. Bihang till Svensk. Vetensk. Akad. Handl., 1892, vol. 
xviii. — Clark, W. B., Mesozoic Echinodermata of the United States. Bull. U.S. Geol. Survey, 
No. 97, 1893. — To't'nquist , A ., Das fossilfuhrende Untercarbon am ostlichen Rossbergmassiv 
in den Sudvogesen, iii , Beschreibung der Echiniden-Fauna. Abhaudl. Geol. Special-Karte Elsass- 
Lothringen, 1897, vol. v. — Mortensen, T., Siam Echinoidea. Danske Vidensk. Selsk. Skrift., 
1904, vol. i. — Bather, F. A., Triassic Echinoderms of Bakouy. Resultate der wiss. Erforsch. Bala- 
tousees, 1909, vol. i. — Lambert, J. and Thtiry, P., Essai de nomenclature raisonne des echinides. 
Chaumont, 1909-12. — Jackson , R. T., Phylogeny of the Echini. Mem. Boston Soc. Nat. Hist., 
1912, vol. vii. — Hawkins, II. L., Classification of the Holectypoida, etc. Proc. Zool. Soe 
London, 1912. 

VOL. I W 
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each inter ambulacral area . New coronal plates are formed at the ventral border of 
the fire omla.r plates, ambulacral pores pass through ambulacral plates, rarely 
(Cl Upcast raids) in part between plates. 

The peristome is on the under or actinal surface, and in all but the 
Exocycloida bears from one to many rows of ambulacral plates with or with- 
out non-ambul acral plates. There are five oculars (apparently in part or 
wholly wanting in some of the Pourtalesiidae), and five genitals or fewer, the 
whole being fused into a mass in certain types of Exocycloida. The genitals 
typically have each one or more pores as exits of the interradially situated 
reproductive glands. In addition, typically, madreporic pores exist in genital 
2, but are not recognizable in most Paleozoic forms. The periproct is more 
or less plated, situated within the oculogenital ring, or in irregular types out- 
side of that area in the posterior interambulacrum ; the anus is in the peri- 
proct. The masticatory lantern is composed of forty pieces (or Clypeastroids 
thirty pieces) ; it is wanting in adult Spatangoids. Respiratory organs consist 
of Stewart’s organs, peristomal, or ambulacral gills. Locomotion is effected 
by ambulacral feet, or by spines, or both. 

The Test . — The test or main skeleton of the Echini is composed of numerous 
calcareous plates, firmly united by their edges so as to form a more or less 



termed the corona, which is composed of five ambulacral and five interam- 
bulacral areas. At the summit is situated the apical disc, or oculogenital 
plates, which in regular Echini surrounds the periproct and anal opening. 
The periproct is usually plated, always carries the anal opening, and in 
irregular Echini lies outside of the apical disk in the posterior interam- 
bulacrum. Yentrally is situated the peristome, a membrane which is usually 
more or less completely plated, or may be. naked, and extends from the 
mouth opening to the base of the corona. The peristome is either central in 
position or anterior to the centre in some of the Exocycloida. 

Echini are oriented by an antero-posterior axis drawn through an ambul- 
acrum and opposite interambulacrum in such a plane that the madreporite lies 
in the right anterior interambulacrum. This is the axis on which bilatorality 
is attained in the Exocycloida, and the same axis is indicated in regular Echini 
by the order in which ocular plates reach the periproct when such occurs. 
With known axes Lov6n devised a nomenclature of areas which is of very 
great value in brevity and clearness of expression. He numbered the ambul- 
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acral areas from I to V, Roman, and the interambulacra from 1 to 5, Arabic. 
The enumeration passes from left to right, revolving like the hands of a 
watch, the-specimen being viewed from below and the odd anterior ambulacrum 
being III (Fig- 370). When viewed from above, the order of enumeiation is 
necessarily reversed (Fig. 434). Loven showed that the size and character of 
the primordial ambulacral plates give data by which a sea-urchin can be 
oriented in young regular Echini, and usually in adult Exocycloida. He 
showed that of these ten plates, the la , Ha, III5, I Ya, Yb are larger ; on the 
contrary the I b, I lb, Ilia , lYb, Ya are smaller (Figs. 370; 377, A ). 

The mouth opens into an oesophagus which conducts into a capacious 
stomach, and thence into a convoluted intestine. The digestive tract winds 
around the interior of the test, being attached to the inner surface of the 
latter by muscles, and terminates in the anus. Surrounding the oesophagus 
is a circular vessel filled with water, which is admitted by the so-called stone- 
canal, opening externally in a madreporite . This is a porous or sieve-like 
structure, consisting of a variable number of canals, and though commonly 
restricted to* genital 2, madreporic pores # as a variation may extend to additional 
genitals or to ocular plates. 

The circular vessel gives off five branches, known as the radiating canals , 
which pass along the ambulacral areas on the interior of the test, and con- 
nected with it in the interambulacral areas are five distensible membraneous 
reservoirs, termed the Polian vesicles. The radiating canals give off numerous 
lateral branches or tube -feet {tentacles) which are extended through the 
pores of the ambulacral plates. Dilation is effected by means of secondary 
vesicles or ampullae which by contraction force their contained fluid j into the 
tube-feet and distend them. The ampullae, as a rule, communicate with the 
tube-feet by two canals perforating the plates separately, a single tentacle 
being placed over a pair of ambulacral pores. The tube-feet serve usually 
as locomotive organs, when they are prehensile and end in a suctorial disk; 
but in many forms, especially those having petaloid ambulacra, they are 
modified so as to be partly branchial in function. Sometimes the tentacles of 
the same ambulacrum differ in shape, structure and function, as in Arbacia . 

Respiration is apparently effected by Stewart’s organs in certain Echini. 
These organs are internal, five in number, and situated radially, they are 
given off from the periphery of the lantern membrane and beneath the com- 
passes. In the Cidaroida, Stewart’s organs are frondescent ; in the Echino- 
thuriidae, vermiform or sausage-shaped. External branchiae or gills exist in 
the Centrechinoida as outward extensions of the oral integument. They exist 
as ten small or iarger branched fleshy organs interradially situated. Their 
presence is marked by indenting cuts in the basicoronal plates so that their 
presence is recognizable in fossils where they exist (Centrechinoida). In 
Clypeastroids and Spatangoids, as well as partially in some of the Centre- 
chinoida {Arbacia), the function of respiration is maintained by modified 
dorsal ambulacral tentacles which have lost their function as locomotive 
organs. For distinction these are called ambulacral gills. 

The vascular system consists of a ring-like vascular plexus surrounding the 
oesophagus, and immediately underlying the circular ambulacral vessel. This 
ring gives off five radial vessels, and also two others which send off branches 
to the stomach and generative organs. The central nerve ring, with its five 
principal nerves running down the rays, is external to the two other systems. 
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The generative organs are superficially alike in both sexes, and are in the form 
of glands (usually five, sometimes four, three, or oven two), situated dorsally 
and interradially on the inner surface of the test. The genital ducts terminate 
in pores in the so-called genital plates, to be described presently. 

Coronal Plates. — The plates of the corona are arranged in ten meridional 
areas. Five of these, the ambulacral areas, are composed of perforated plates, 
and correspond in position to the radiating ambulacral vessels ; the remaining 
five, the interambulacral or interrailial areas, alternate with the first, and are 
imperforate. 

In all Recent and in the majority of fossil Echini the ambulacral areas are 
each composed of two columns of alternately arranged plates, the inner 
edges of which meet in a zigzag median suture, and the actinal and abactinal 
edges in horizontal sutures. In some Paleozoic genera there are more than 
two columns in an ambulacral area, and there may be as many as sixteen, or 
even twenty, at the mid-zone (Fig. 367, o). The interambulacral areas are 
each composed of from one to fourteen columns of plates, but nearly all 
post-Paleozoic and all Recent types have two columns. InterambiTlacral plates 
are usually larger than ambulacrals and meet the latter in vertical adradial 
sutures. There are therefore from fifteen vertical columns of coronal plates, 
Bothriocidaroida (Fig. 377, A), to twenty columns Cidaroida, Centrechinoida, 
Exocycloida, or more than twenty, as in the Paleozoic Echinocystoida and 
Perischoechinoida (Figs. 429, 432), and the Triassie Plesiocidaroida. One 
additional case of more than twenty columns is known in the peculiar 
Cretaceous Tetracidaris. The numbor of columns of plates is the same for an 
individual in each of the ambulacral areas, and usually for each of the 
interambulacral areas as well, but the two systems are entirely independent 
of one another as respects the size and number of plates in a vertical column, 
also, especially in the Paleozoic, as regards the number of columns in an area. 
In the Cidaridae, for example, the ambulacra are very narrow and are 
composed of numerous, thirty to sixty low plates in a column; the inter- 
ambulacra are broad with few, five or six to fifteen high plates in a column. 
On the other hand, in the Paleozoic Lepidesthes colletti, the ambulacra are 
broad, with sixteen columns of plates in each area, and the intcrambulacra 
are narrow with four columns in each area (Fig. 434). In the regular or 
endocyclic Echini, all of the ambulacra and all of the intorambulacra are 
essentially similar in the individual ; but in irregular or exocydic Echini, the 
anterior ambulacrum and the posterior interambulacrum often differ consider- 
ably from the corresponding areas. 

Interambulacral (interradial) plates are always simple ; ambulacral plates 
may be either simple or compound. In the latter case, they are formed of 
two or of several component elements, all of which are joined by sutures and 
form a more or less geometrical plate. Most simple plates, and some of the 
components of compound plates are primaries — that is, they extend from the 
outer edge of an ambulacrum to the median suture of the area. Demi-plates 
is a name applied to those component elements which reach the inter- 
ambulacrum but do not extend to the median suture (Fig. 396). Isolated 
plates are component elements which do not reach either to the interam- 
bulacral or median suture. Occluded plates are component elements which 
reach the median suture, but do not reach the interambulacrum. These 
terms, based on compound plate elements, can be also applied to the 
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characters seen in Paleozoic types which have many columns of simple plates 
(Fig. 367, l-o). 

The growth of the corona of all Echini is effected by new plates being 
successively added at the dorsal termination of the ambulacra and inter- 
ambulacra, and by their increasing in size. In the young, and in adults 
where the ventral border of the corona has not been resorbed in the advance 
of the peristome, there is a single plate, which is the primordial interamhulacral, 
in the basicoronal row bordering the peristome in each area (Clypeastroids, 
Spatangoids, many Paleozoic genera) (Fig. 366, a, l , f-h, etc.). Excepting 
the Bothriocidaroida, we find passing dorsally from the primordial inter- 
ambulacral plate that new columns are progressively added until the full 
number characteristic of the order, genus or species is attained. The new 
columns come in in a perfectly definite order and system, although, where a 
large number of columns is attained, there is some local variation as regards 
the point of introduction and also the number of columns. As progressive 
development is marked by the addition of columns, senescent or regressive 
development is marked dorsally in some types by the dropping out of columns 
(Figs. 429, B ; 432). The primordial interamhulacral plate ventrally represents 



Fig. 3GG. 


Characters of the base of the mteramhulacrum in iepresentative Echini : a, Bothriocidaris arcTwica Jackson. 
Ordovician, ft, (foninobdartb canal tcu lata A. Agassiz. Young, r, Euetdarw tnlmloldes (Lamarck). Bahamas. 
(I, Mclunechmus onvltbporus (Norwood and Owen). Lower Carbonifeions. e, Arcltnpoctdarts icoithnn Hall. 
Lower Carboniferous f, Echmocyamus 2>usillus (Muller). Recent, f/, Rotula dcntato (Lamarck). Recent. 
h, Eenschodomm laser tails M'Coy. Lower Carboniferous. In figures a, ft, fh, the primordial interamhulacral 
plate is in the basicoronal row ; m c-e, it, with or without additional plates, has been resorbed (after Jackson). 

a single column, and may be compared with the adult of the Ordovician 
Bothriocidaris which retains a single column in each area throughout life. 
The ventral border may in the adult be retained intact, or it may have been 
more or less extensively resorbed in the advance of the peristome. When 
this occurs, the primordial interamhulacral, with or without additional rows 
of plates, are cut away. Such occurs in the Cidaroida, most of the Centre- 
chinoida, and a number of Paleozoic genera (Fig. 366, c-e). 

Ambulacra . — Each ambulacrum has two columns of simple or compound 
plates, or in some Paleozoic genera, more than two columns of simple plates. 
The ambulacrum is always composed of two halves which are equal on either 
side of the median suture. Ambulacral pores are typically in pairs, rarely 
(some Spatangoids) unpaired. Pore-pairs usually lie nearer to the inter- 
ambulacral suture than to the middle of the plate in which they occur, 
therefore as a result, where there are two columns of ambulacral plates, 
there is a median interporiferous area between two marginal poriferous areas. 
The pores of a pair may be vertically superposed, or usually the upper pore 
of a pair revolves outward, through an angle of 90° or less, and toward the 
interambulacrum, so that the axis of the pair is inclined or horizontal, the 
inner pore being the lower of the two. A pore-pair is typically surrounded 
by an elevated rim or peripodium, and the pores of a pair may be united by 
transverse furrows, when they are said to be conjugate. 
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The arrangement of pore-pairs is uniserial when one pair is placed over 
the other in a continuous line from the peristome to the apex ; biserial when 
so placed that there are two vertical rows of pore-pairs in each half-area, 
and polyserial when there are three to many vertical rows of pore-pairs in a 
half-area. When ambulacral plates are compound, the pore-pairs of each 
component element may be arranged in an arc, when there results a biserial 
or polyserial arrangement. In Paleozoic genera, where the structure of the 
ambulacrum is complex with many columns of plates ( Melonechinus ), the 
ventral portion is simpler, presenting stages of development through which 
the animal has passed. In the same types the dorsal area of young last 
added plates also shows simplicity as a localised stage in development. In 
those types that have compound ambulacral plates, the young plates dorsally 
are simple for a short distance, as seen well in Centrechinus. 



Fin. 307. 

Character of the ambulacrum m representative Echini ; left hall represented. The horizontal (lotted line ih 
on the plane of the mid-zouo (after Jackson) a, JUithrimdans wrlmUn Jackson Ordovician. I>, (ItmwOidunx 
canahcnlata A Ag Young. c,Kutnd arts tnhnhndcs (hi unaick). Bahamas. <1, NtruniDihttunti utils ilmbnrluansm 
((). F. Muller) Young, e, The same ; Adult Yoik Harbor, Maine /, HI muster cor-anyutncnni (Lamarck). 
Cretaceous, England. </, JicMnatachninn partna (Lamarck) Eaatport, Maine. Ii, Mctu.Ua /wctomlis (Lamarck) 
Bahamas ; showing plates of two areas. ■/, Patuecchiniis r I cyans M'Coy. Lower CarhomlorouH. Mact'oya 
Imrlinifttmemis (Meek and Worthon). Lower Carboniferous l, UwcnccKmux nissmiinisis (Jackson). Lower 
Carboniferous, w, Oltyuporn^ tlanae (Meok and Worthon) Lowei Carboniferous. n t Mul on echinus inuUqiorus 
(Norwood anrl Owen). Lower Carboniferous <>, Lejnt lest has collctti White. Lower Carboniferous. 


Ambulacra are usually band-shaped and continuous from the peristome 
to the apical disc. Petaloid ambulacra are those which enlarge between 
the apex and the circumference (ambitus), and contract again more or 
less perfectly before reaching that region. Subpetaloul ambulacra are more 
elongated than the petaloid, and the series of pairs of pores do not tend to 
close distally. The pores do not cease altogether at the end of the petaloid 
parts, but remain traceable for some distance beyond, often as far as the 
peristome. In such cases, however, the pores are greatly reduced in size, or 
present other marked differences from those of the petaloid parts. The 
poriferous areas are said to he discontimoas , or interrupted , when the pairs of 
pores cease at the ends of the petals, and reappear in the vicinity of the 
peristome. 

Oculogenital or Apical System . — This is abactinal or dorsal, and is ordinarily 
composed of ten plates, five oculars and five genitals, forming usually (ex- 
cepting some Echinothuriidae, always in regular Echini) a continuous ring. 
The genitals are typically large angular plates interradially situated and 
perforated by one or more pores communicating with the genital glands. One 
of the genitals, the right anterior, is also perforated by madroporic pores 
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which, serve in orienting a specimen. These madreporic pores are rarely 
recognizable in Paleozoic Echini, and may have been wanting in some genera. 
In the Exocycloida the posterior genital is usually imperforate or wanting, 
and two or more to all genitals may be fused in a mass. Genital plates 
may be in contact dorsally, forming a closed ring, or may be in part or wholly 
separated by the oculars. 

Ocular plates dorsally cover the ambulacra and laterally the inter- 
ambulacra in part on either side. Each ocular has a single pore. In 
Paleozoic forms, oculars are apparently imperforate or rarely with two pores. 
The pores are related to a primitive large tentacle and not to an ocular organ. 
Ocular plates may all separate the genitals, reaching the periproct, when they 
are described as insert, the usual Paleozoic character (Fig. 433, B)\ or they 
may be all excluded from the periproct by the contact of the genitals, when 

ABC D 



Fkj. 3G8. 

Typical ocular plate arrangement in regulai Echini (after Jackson). A, Ciduris ruronata Goldfuss. Upper 
Juia ; Southeun. All oculais exsert; plates shaded JD, Snlcnondurin profundi (Duncan). Recent; Tristan 
da Cuiiha. Ocular I insert ; plates shaded. L\ Actusalema ipiiwsn Agassiz. Cornbiash ; Chippenham, England. 
Oculars I, V, insert. D, L'cntrerhinits sctusus (Leske). Recent ; Bermuda. Oculars I, V, IV, insert. 

they are described as exsert, the usual Mesozoic character (Fig. 368, A). 
Oculars are all exsert in the young of probably all Recent and Mesozoic 
regular Echini. In adults the same character may obtain, or one or more to 
all oculars may travel in with development, separating the genitals so as to 
be insert. As shown by Jackson, when oculars become insert, they do so in a 
definite sequence in relation to the antero-posterior axis. The first ocular to 
become insert is either I, or V. If ocular I comes in first, then V follows, or 
the converse, thus marking the posterior pair or the bivium ; next ocular IV 
becomes insert, then II, thus marking the posterior pair of the anterior 
trivium ; lastly, if at all, ocular III becomes insert (shown in part in Fig. 368, 
A-D). 

The apical disk is relatively large in very young Echini and in primitive 
types (JBothriocidaris, Cidaroida). It decreases rapidly proportionately in size 
with growth, and is relatively small in specialised regular Echini (Echinometra, 
Melonechims , Lepidesthes , Fig. 434). 

In the Exocycloida the genital plates may be in contact at their sides, 
forming a compact system (Fig. 369, D); or they may be separated by some of 
the ocular plates which meet along the median line and separate the posterior 
genitals, forming an elongate system (Fig. 369, 0). When the two posterior 
ambulacra ( bivium ) do not terminate at the summit in line with the other three 
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(trivimn), and are surmounted by oculars placed far posteriorly, the system is 
said to be disjunct or disconnected. The posterior oculars are then separated 

from the postero- 
lateral genitals by 
a number of inter- 
ambul acral plates 
intercalated 
the dorsum 
369, A). 

In the Clypea- 
strina and many 
of the Cassidulidae, 
the anneal system 
consists of five 
minute ocular 
plates, and one 
large, pentagonal, 
central plate, which 
probably represents 
the fused genitals 
and is usually 
pierced in four or 
in all of its inter- 
radial angles by 
genital pores (Fig. 
369, E, E). 

Periproct . — This structure which bears the anus is within the apical disk 
in all regular Echini, when the test is termed endoci/clic • and at a variable 
distance beyond it in the median line of the posterior intorambulacrum in 
irregular Echini, when the test is termed exocydic. Periproctal plates are 
rarely preserved in fossil Echini. They are numerous, angular, thick, and 
fill the area in Paleozoic genera and the Cidaroida ; they are numerous, or 
few and dissociated, often reduced to granules in other Echini; or the 
periproct may be largely leathery (Gentr echinus). In the Saleniidae there is a 
large suranal (Fig. 368, 1 B), with additional large plates (some A crosalenias) or 
with small plates only. A suranal occurs in the young of some types as the 
Echinidae and Strongylocentrotidae. The periproct is usually !|circular, but may 
be angular, or in the Exocycloida varies from circular to elliptical or pyriform. 
The position of the periproct in the test is of great systematic importance. 

Peristome. — This is actinal and central in regular Echini, and is circular, 
decagonal or pentagonal in outline. Along its margin in the basicoronal 
interambulacral plates of the corona there are ten incisions for tho extension 
of the peristomal gills which exist in certain Echini, the Oontrechinoida and 
Holectypina. In the Exocycloida the peristome is variable in shape and 
position, but it is actinal and is central or more or loss anterior from the 
centre. The oral membrane of the peristome is attached to the lantern when 
present, otherwise the inner edge is free. 

The peristome may be more or less extensively plated or may be naked, 
and the character of the plates is of systematic importance. In the young of 
probably all regular Echini there is one row of primordial ambulacral plates 


along 

(Fig 
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which are found in place and fill the area (Fig. 370). From this primitive 
condition various departures exist. The area may be filled with two or many 
rows of ambulacral plates only (Bothrioci- 
daris, Fig. 377, A ; Ilyattecliinus, Fig. 429, A ; m 

Phormosoma, Fig. 371, A). These plates 
after the first row have doubtless been de- 
rived by migrating down from the corona 
as shown by Loven. There may be many 
rows of ambulacral with interradial non- * 1*^ 
ambulacral plates (Cidaroida, Fig. 371, B\ C(£p 
Archaeocidaris , Fig. 371, C ; Melonechinus , j 'S 
Fig. 371, j D). There may be one row of \ 

ten primordial ambulacral plates with more ^ 
or less solid, scaly, or isolated non-ambu- 
lacral plates, or rarely no non -ambulacral — 

plates (most Centrechinoida). There may be 5 

scaly non -ambulacral plates only (Spatan- FiG.370. 

goids), or the peristome may be quite naked Gomucvian •* eunuiU'Mn a. Agasbu. He- 
Of plates (Olypeastroids). diameter. Piimordial ambulacral plateb lill 

Aristotle's Lantern. — All Echini with the piate^in^ 
exception of Spatangoids (and possibly some m each mter ‘ 

Holectypoids) are provided with a powerful 

masticatory apparatus known as the Aristotle's lantern, which, with the muscles 
and their points of insertion in the test are of high systematic value. The 
lantern is composed of forty pieces in all Echini except Clypeastroids. There 


° v 



Fiu. S71. 


Characters of peristome and base of the corona in representatn t* Echini. A, Fhormosanm placenta 
Wyville Thomson. Recent ; off Cape May to Cape Sable. On the pemtome many rcms of ambulacral plates. 
B, Emidaris trlbuloides (Lamarck). Bahamas. On the peristome many rows of ambulacral and in. addition 
interradial non-ambulacral plates. L\ Archaeocidaris u'ortheni Hall. Lower Carboniferous. Partially restored. 
On the peristome many rowb of ambulacral and in addition interradial non-ambulacral plates. D, Mdonechinub 
vmltipnms (Norwood and Owen). Lower Carboniferous. Restored. On the peristome many lows of ambulacral 
and in addition two rows of interradial non-ambulacral plates; ambulacrals pass from two plates orally to 
many on the periphery of peristome in each area. E, Strongyluccntrotus drubachicnsis (O. F. Muller). York 
Harbor, Maine. On the peristome one row of ambulacral and scattered, small, non-ambulacral plates. F, 
Echmocardmm flavescent (Muller). Recent. On the peristome many non-ambulacral plates only. In figures 
A and F the primordial mteiambulacral plates are in place in the basicoronal row ; in the other figures they have 
been resorbed, with or without additional plates (after Jackson). 


are five teeth ; five pyramids, each composed of two halves, joined by suture ; 
ten epiphyses ; five braces ; and five compasses, each composed of two parts, 
joined by suture. The lantern is inclined, subtending an angle of about 
90°, in the young of modern and adult of Paleozoic Echini ; * erect with sides 
approaching the vertical in most Recent regular Echini ; or procumbent in 
most Clypeastroids. Teeth are grooved (Paleozoic genera, Cidaroida and 
Aulodonta ) ; or have a keel on the inner face (Stirodonta, Camarodonta, 
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Holectypina, Clypeastrina). Pyramids, each composed of two halves, are 
roughly triangular in section, present a median suture, above which is a 

shallow or a deep 

A ( open space, the 

~ r—J-' 7 21 £ 

• rajV ea 3 , foramen magnum. 

A inner face 

* J iv JjSm 7?£x the p^ ramid su p- 

pry W|J n P orts and embraces 

vl Irty and 

red lYrz laterally in regular 

V Jps V A~\ S\\ / Echini has ridges 
VI v^ClA) l&S ^ for the attachment 

^ e P P of interpyramidal 

Fi(i. 372. muscles. The 

Denial apparatus of the Recent Stronqylocentrotus drubachicnsis (O F Muller), upper face of the 
.1, Lantern showing teeth, pyramids, interpyramidal musclos, styloid processes of . , 

dental slides, epiphyses, crests and compasses. 7J, Pyramid showing oil one side pyramid, as S66n 
protractor and retractor muscles, epiphysis removed on left side. C, top of r .i ■ ’l 

lantern, at areas 2, 3 a whole tooth in place ; at 1 pulpy pait of tooth removed ; at Vvlieil upipny- 

4 tooth removed. At area III compass, brace and epiphyses m place, at V com- gig jg removed is 

pass removed ; at IV brace also removed ; at I the epiphysis of one side is removed 9 

to show pits in top of pyramid 2 / : (after Jackson). a Smooth nOOr 

(Paleozoic genera, 

Cidaroida); or is pitted (Oentrechinoida). An epiphysis caps each half- 
pyramid, to which it is joined by close suture, it presents a glenoid 
cavity and tubercles for interlocking with the 
brace. The epiphyses are narrow in all Echini A B 

except the Camarodonta in which they are wide (T cr cr^ /} 

and meet in suture over the foramen magnum; „ 
here also they bear crests which support the teeth 
dorsally. The brace is a block-shaped plate which f <u \ i 
rests on and interlocks with the epiphyses. The V |j 'j 

compass rests on the brace and consists of an inner ^'71 \ jj 7 

and an outer part, joined by suture; the outer ),/! 

part is usually bifid but may be rounded. The 
angle of inclination of the lantern, the teeth Fi( , m 

grooved or keeled, the depth of the foramen mag- Pyl . amul or 
num, absence or presence of pits in the top of the drobaduonsiK j, iuhkIoviow 
pyramids, and narrow or wide epiphyses and their of mt«rpynwm<iui muscle, epiphysis 
meeting in suture are important features in classi- Ma\nSauXroi“ vl1 //,’ {lySJ 

•firfl+.inn from centre showing dental slide and 

r Kjd, u . other parts as m A (after Jackson). 

The jaws of the Holectypoids are similar to 
those just described, but in the Olypeastroids they are low, often asym- 
metrical, and the teeth are aslant or even nearly horizontal (Fig. 374). 
Compasses are absent, and the braces are rudimentary. The pyramids are 
solid almost to their upper part, more or less concave, or re-entering on the 
outer side, and are not always of the same size in each area. Jaws of 
Echini are rarely preserved in the fossil state. 

The muscles of the lantern are numerous and complex, and their insertion 
in the test is of systematic importance. There are sixty lantern muscles in 
regular Echini which in brief are, ten protractors inserted on the outer face 
of the pyramids and base of the test ; they extend the lantern ; ten retractors 
similarly situated which open the jaws (Fig. 372, B) ; five interpyramidal 
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muscles (Fig. 372, A) which contract the jaws; ten internal and ten external 
brace muscles, which are tiny and extend from the brace to the epiphyses ; 
five circular compass muscles which dorsally connect the compasses ; ten radial 


compass muscles 
which extend 
from the com- 
pass to the base 
of the test. 
These last are 
wanting in Cly- 
peastroids as in 
that group com- 




passes are ab- 


Fkj. 374. 


sent. 

Perignathic 
Girdle. — Cer- 
tain muscles of 


n, Clypecuster veUculntu .s Loven. Recent. The dental system entire, seen from 
above. The braces are placed upon the sutmes ot adjoining pjiamids, with an 
epiphysis on either side. Teeth in line with the mesial sutures of half-pyramids, 
ami within the ring formed by the supra-alveolar crests (after Loven). JD, a, Front 
view of a single pyramid ; b , side view of one of the halt-pyramids. 


the lantern, namely, the retractor, protractor and radial compass, pass to and 
are inserted on the base of the test, and certain important processes, the 
perignathic girdle, may be built for insertion of these muscles. Loven showed 
that in young Goniocidaris the lantern muscles are all attached directly on the 
base of the interambulacra, and the same method probably existed in the 
Perischoechinoida, as in that order no perignathic processes have been seen. 
In adult Cidaroida elevated processes, the apophyses exist as strong internal 
upgrowths of the ventral border of the basicoronal interambulacral plates ; to 
these apophyses in this order alone are attached the retractor, protractor and 
radial compass muscles. In the order Centrechinoida the apophyses or up- 
growths of the interambulacral plates may he feebly or strongly developed, and 
to them are attached the protractor and radial compass muscles. In this order 
a new structure appears consisting of two separate calcareous plates, the 
auricles, which are united by close suture to the basicoronal ambulacral plates. 
The auricles exist as separate styles or in some genera in development may 
grow into large plates which arch and join in suture over the ambulacral area. 
Auricles give insertion to the retractor muscles, which combination of 
apophyses and auricles is known in this order only. In the Holectypoids 

low apophyses and auricles, or auricles alone may exist ; as this group 

occurs fossil only, the muscles can only be inferred. In Clypeastroids 

apophyses are wanting, but low or high auricles exist on the ambulacral 
plates, or even may be transferred to the basicoronal interambulacral plates 
as seen in Echinarachnins. In Clypeastroids retractor and protractor muscles 
are both inserted on the auricles, a condition peculiar to the group. 

Tubercles and Spines. — The plates of Echini bear more or less numerous 
tubercles and granules of various sizes which bear larger or smaller spines. 
The larger and completely developed tubercles are called primaries ; those 
of a smaller size are secondaries ; and very small tubercles, sometimes 

incomplete in their development, are miliaries. Granules are irregular or 
nodular projections of the test; they may be large and widely separated, 
or very numerous and of various sizes. The base of a tubercle is termed 
the boss , and its upper part may be either plain or crenulated. The boss 
supports a rounded mamelon , which is said to be perforated when pierced by a 


EGH1N0 DEJJMATA— ECHINOZOA 


PHYLUM IV 


2(J8 


central foramen for a slight distance, or imperforate when it is not, A plain 
or sunken space surrounding the base of the tubercle is called the scrobioule , 
or areola ; its outer limit, the scrobicular circle , is generally marked by a ring 


A li 1) E 



II 


Fio 375. 

Ciiland Spines. A, B, Cbdans. D, Arrocidaris. > 
E, Bnroadans (natural size). I 


of granules, but in many cases the 
scrobicules of the same meridian are 
continuous. Secondary tubercles may 
or may not be scrobieulate. 

All the tubercles of Echini bear 
movable spines , which differ greatly in 
dimensions, and in the shape and 
nature of their cross-sections. They 
are usually cylindrical, acicular, clavate 
or spatulate in form, and consist of 
the following parts : A more or less 
elongate distal portion or shaft ; a base , 
to which ligaments are attached for 
keeping the spine in place • and an 
articulating joint or condyle ( acetabulum ), 
forming a ball-and-socket joint with 
the tubercle proper. When the base 
of the mamelon is crcnulated, the base 
of the spine is incised in the same 


manner, and above the latter is usually a milled ring or collar , the indenta- 


tions of which are continuous with the striae of the shaft. The function of 


spines is to support the test, to aid in locomotion, and for defence. In rare 
cases some of the spines are fixed, and arise directly from the test (Eecent 
Podocidaris ). 

Fascioles are narrow bands of close granular ornamentation which 
support rudimentary spinules and pedicellariae. They occur only in the 
Spatangoids, and are restricted to certain parts of the test. The peripetalons 
fasciole follows the margin of the petaloid parts of the ambulacra. The 
anal fasciole surrounds the anus, and the subanal fasciole encloses a space or 
plastron beneath the anus, but may send anal branches upward. The internal 
fasciole crosses the ambulacra at a variable distance from the apical system, 
and the marginal fasciole encircles the test above the ambitus. For those 
Spatangoids with subanal fascioles, Lov6n has proposed the name Prymno - 
desmia ; genera without them, and with other fascioles, are Prymnadetes , and 
those without any fascioles are Adetes. 

Pedicellariae are small specialised organs articulated upon granules and 
scattered between the spines over the whole test. At the end of the stem 
is a head consisting of two or more pincer-like valves which function as 
grasping and cleansing organs. Pedicellariae are very rarely preserved in 
the fossil state. 


Sphaeridia are opalescent spheroidal bodies which may be partially or 
entirely covered by the test. They exist singly near the ventral border of 
the ambulacra, or if more than one, the series extends dorsally, even to the 
ocular plate. Morphologically, sphaeridia may be considered as modified 
spines having sensory functions. They are known only in the Ccntrechinoida 
and Exocycloida. 

Ontogewy. — The early larval stages of Echini are similar in many respects 
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to those of Ophiurans and Starfishes, but have little in common with the 
larvae of Crinoids. The later stages in development are of great morpho- 
logical and phylogenetic interest. Stages in development can, of course, be 
best obtained by studying young individuals, but, as shown by Jackson, 
they can also in a measure be obtained from a study of adults. "The plates 
at the ventral portion of the test are the oldest and first formed, excepting 
as some may have been resorbed in the advance of the peristome. Ventrally, 
therefore, stages in development are often observable in both the ambulacra 
and interambulacra, this condition being especially marked in the Perischo- 
echinoida. Dorsally are found the youngest plates of the test, and it is here 
that we observe localised stages in development. For, as we pass ventrally 
to the progressively older plates, it is found that characters are taken on 
in regular sequence which present stages directly comparable to those seen 
in the youthful development of the individual. Dorsal localised stages are 
especially marked in the ambulacra of those types where a complex structure 
is attained, as in the Palaeechinidae and the Centrechinoida. The apical disk, 
periproct, peristome, lantern and perignathic girdle all show stages in 
development with suitable material, which stages are directly comparable 
to adult conditions of simpler members of the group, and therefore are of 
great phylogenetic significance. 

Among Echinoids, as elsewhere in invertebrate groups, evidence is accumu- 
lating that evolutionary variation is not radial in all directions, but rather is 
in definite directions, or orthogenetic. It would appear that the majority of 
variations are either arrested , in which cases the variant retains characters 
displayed in its own youthful stages and typical of the adults of more primi- 
tive allies ; or progressive , when the variant has characters not typical of the 
species, but which are further evolved in the direct line of differential develop- 
ment. These latter are seen typically in more highly evolved closely related 
species or genera. In order to study variation intelligently it is of prime 
importance to be familiar not only with the characters of the associated 
species and genera when considering any given case, but also with the develop- 
mental characters of the same. Variation needs to be especially considered in 
undertaking phylogenetic studies. 

Homologies. — The Echinoidea differ radically from the Pelmatozoa and 
Asterozoa in that arms are completely wanting. They differ from Crinoids in 
that reproductive glands are within the test and interradial, that ambulacral 
and interambulacral plates originate on the ventral border of a fixed plate, the 
ocular, and in the possession of a lantern. Echinoids differ from Starfishes 
essentially in that radial water, nerve and blood canals are on the proximal not 
distal side of the ambulacral plates ; that ambulacral pores pass through, not 
between the plates ; and in the possession of a lantern. 

Habits. — Echini are exclusively marine, and are more or less gregarious. 
Many species occur in littoral zones, and from that region various species and 
genera extend to continental and abyssal depths. Echini commonly live on 
the surface of the sea floor, or cling to rocks. Some Echini burrow in sand, 
others (Strongylocentrotus, Echinometra) along the coast occur in cavities which 
they bore in solid rocks. The same species does not excavate in sheltered 
places. 

About 500 recent species are known, as compared with fully 2500 fossil. 
The earliest types appear in Ordovician rocks ( Bothriocidaris ), and continue to 
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be represented sparsely throughout the Paleozoic era. They multiply enor- 
mously in the Mesozoic, and certain families reach their climacteric in that 
period • other families attain their maximum in the Recent. As a rule, the 
species have a very limited vertical range, and hence serve admirably as index 
fossils. The test is often perfectly preserved, but even small fragments are 
capable of accurate determination, owing to the regular radial repetition 
of parts. 

The classification here followed is based on that given in Jackson’s 
Phytogeny of the Echini ; no subclasses are recognised, but the group is 
divided into seven orders. The generic descriptions of the Cidaroida and 
Centrechinoida and tho generic and family descriptions of the Exocycloida are 
essentially those as given in the earlier edition of this work, or in Duncan’s 
Revision of the Genera and Great Groups of the Echinoidea. 


Order 1. BOTHRIOCIDAROIDA Duncan. 

Test regular , more or less spherical . Interambulacra with one , and ambulacra 
with two vertical columns of plates , which do not imbricate . Periprod within the 
apical system. 

Family 1. Bothriocidaridae Klein. 

With characters of th-e order. 

The solitary known genus is Bothriocidaris Eichwald (Figs. 366, a ; 367, 
a; 376; 377), from the Ordovician of Esthonia. Tho test is small, and the 


-i /; v 



Fid 37(5. 


JJothrwcidaris 2>Uhlem Schmidt Ordovician ; Noninns, Esthonm. A, TYst of th<‘ lintvnii! />, Apical 
.system enlarged. C, Penstome, enlarged (al'tei F. Schmidt). 

apical system consists of five largo ocular and five small genital plates; 
periproct plated, peristome with ambulacral plates only. 

Of this important genus, the oldest of known Echini, there are throe species, M. a/rohuica^ 
pahleni and globulus. The ambulacra have two columns of high hexagonal plates in each 
area with pore- pairs superposed in a central peripodium. Interamlmlacra with one column 
of plates only in each area. Ocular plates relatively large and meeting in a continuous ring 
(B. archcbica), or partially or wholly separated by the small genitals. Genitals in B. archmca 
dorsal to the oculars (Fig. 377, B) or m other species partially or wholly separating them and 
reaching the interambulacra. Bothriocidaris is structurally important because in its high 
ambulacral plates, with pores superposed, its single column of mteramhulacral plates, its 
simple peristome and its large oculars, it presents features like the young of later Echini. All 
other Echini start with a single mterambulacral plate vontrally, representing a single column, 
and later add one or more columns. Those types with only two columns of plates in an inter- 
ambulacral area show no evidence of being derived from typos with many columns, and are 
therefore considered as next related to the Botlmocidaroida. 
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Order 2 CIDAROIDA Duncan. 

Test regular, endocyclie, two columns of plates in each ambulacral area, ambula- 
cral plates loio, simple; two (in one genus, Tetracidaris, partly four) columns of 



Fig. 377. 

A, Botftriocidans archaim Jackson. Ordovician ; Island of Dago, Russia. Height, 12 mm. Two rows of 
peristomal plates. Two columns of hexagonal plates m each ambulacrum. One column of plates in each inter- 
ambulacrum x 3 /i* B, the same, apical disk, oculars meeting in a ring, genitals small, dorsal to the oculars, peri- 
proctal plates, x */i (after Jackson). 


plates in each interambulacral area . Coronal plates rarely imbricate (. Miocidaris ). 
Primordial interambulacral plates resorbecl . Peristome with many rows of ambulacral 
and interradial noivambulacral plates , or rarely ambulacral plates only . Lantern 
erect , teeth grooved , foramen magnum very shallow ; epiphyses narrow. No pits in 
the top of pyramids , . Perignathic girdle consisting of apophyses only. Stewart's 
organs present , but no peristomal gills . Primary spines with a cortical layer. 
Primary tubercles perfomte. Sphaeridia absent. 
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Family 1. Cidaridae Gray. 

With characters of the order. 

The apical disk is rare in fossil Cidarids (Fig. 368, A) ; when preserved, the 
ocular plates are typically all exsert. The same condition exists in the young 
of Recent species and often in adults. When oculars reach the periproct, 
they do so in the sequence Y, I, IV, II, III, or Y, I, IY, III, II. Young 
Cidarids approach Bothriocidaris closely in many structural details. De- 
vonian (?), Lower Carboniferous to Recent ; maximum in Jura and Cretaceous. 

Section A. Ambulacral pore-pairs uniserial. 

Miocidaris Doderlein. Ambulacral and interambulacral plates imbricating. 
Two Paleozoic species, M. Tceyscrlingi (Geinitz), from the Permian of Europe, 

A Ji 



Fid. 37S. 


Chians coronnta Goldf. Upper Jura (?) ; Hossingun, Wurtomherg. A, Dorsal aspect of test with perfectly 
preserved apical system JI, Profile. C, Portion of Amh, magnified. D, Partially restored view with spines 
attached. 

and M. cannoni Jackson, from the Lower Carboniferous of America, are the 
only certain Paleozoic representatives of the order. Several species in the 
Trias and Jura of Europe. 

Cidaris Leske, ex Klein (Figs. 368, A ; 378-380). Arab undulating or nearly 
straight, the pores variable in their distance, and united by a groove or not. 
I Arab coronal plates five to fifteen in each column. Apical system large. 
Primary spines very variable, even in the same species. Trias to Recent; 
chiefly Jurassic and Cretaceous. 

Of this genus more than 200 species have been described. Those are grouped into seven 
or eight artificial divisions, which are -regarded by some as of sub-gcueric, or even generic 
importance. Some of the groups may be briefly noticed as follows : — 
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(ft) Mhabdocidaris Desor (Figs. 081, 382). Tost large aiul .swollen. Poriferous areas wider 
than m Culans, tlie two pores of a pair being distant and conjugated. Jmb in general 
straight. Tubercles large, strongly crenulated, and more numerous than in Culans, Spines 
very stout, some cylindrical or prismatic, often spmifeious. Clnetly Jura and Cretaceous ; 
less common in Tertiary and Recent. 



Fio. 379. 

Ettcidans trihnloidex (Lam.). Recent. Enlarged \ iew of base of the 
test and peristome, showing plated coveimg ol the latter 


a 



Fin. 3S0. 

Cidarid spines. A, 
C, alata Ag. B, C. 
dorsata Braun. Trias; 
St. Cassian, Tyrol. 
£7, 0 . fiongemim Phill. 
Coral Rag ; Wiltshire. 



A 



Fig. 381. 


BliabdoeuJans orbignyana Desor. Upper 
Jura ; Kelheim-Winzer, Bavana. A, Fiag- 
ment of test, Vi* B, Amb plates enlarged. 



Fig. 3S2. 


Ithabdocidaris korrida 
Menan. Middle Jura. 
Spme, i/i. 


(b) Lciocidaris Desor. Like the preceding, but with uncrenulated tubercles. Spines 
large, smooth, cylindrical. Cretaceous to Recent. 

(c) Stephanocidaris A. Ag. Teat thin ; apical system larger than the peristome, the 
plates feebly united. Recent. 

(d) Phyllacanthics Brandt. Test large, swollen, and with eight to eleven I A nib plates 
in a column. Amb broad, pores conjugated. Primary tubercles large, smooth. Recent. 

( e ) PorocwLaris Desor (Fig. 383). Amb broad and straight ; pores wide apart, conjugated. 
Primary tubercles perforate and crenulate. Scrobicules transversely oval, with shallow' 
grooves radiating from the periphery toward the centre, with or without pores at the outer 
extremity of the grooves. Tertiary and Recent. 

(/) Gonioddaris Desor. Test high, with numerous coronal plates, and narrow Amb, 
The median sutural regions of both areas are sunken, forming with the horizontal sutures 
a zigzag, with pit-like depressions at the angles. Recent. 
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Orthocidaris Cottoau. Apical system small, pentagonal. Amb narrow, 
straight; pore-pairs in simple straight series, the pores separated by a 
granule. IAmb very broad, numerously plated. Primary 
tubercles small, plain, perforate and distant. Lower Creta- 
ceous; Europe. 

Temnocidaris Cotteau. Upper Cretaceous. Polycidaris 
Quenst. Upper Jura. 

Section B. Ambulacral Pore-pairs Biserial. 

Diplocidaris Desor. Test large, spheroidal. Amb narrow, 
straight. Pore-pairs very numerous, close, alternating more 
or less. IAmb broad, with seven to eight plates in each 
column. Primary tubercles large, perforate, scrobiculate. 
Upper Jura ; Europe. 

Tetracidaris Cotteau (Fig. 384). Remarkable in having 
four columns of plates in each IAmb at 'the ambitus, but 
Fin. 383. diminishing to two at the apex. Amb straight, moderately 
PnrocidarLi Mimiechh broad. Poriferous areas depressed, pairs incompletelv 
Lunostonfi; Mokkatam, biserial ; mterponferous areas narrow, granular, with a row 
IwUpino.' of plain small tubercles, placed near the borders of the 

poriferous zone. IAmb primary tubercles very large, 
crenulate and perforate. Spines narrow, elongate, 
remien); Europe. 


Fin. 384. 

Tetvacuktns reynest Cotteau Neocomian ; Vergans, near Castellano, Bassos Alpos A , Tost reduced ' 
one-lialf. B, Portion ol Amb, enlarged (after Cotteau). 

Xenocidaris Schultze. Founded upon clavate, fusiform spines from the 
Devonian of the Eifel. Incompletely known, possibly belongs in this family. 

Order 3. CENTRECHINOIDA 1 Jackson. 

Test regular , endocyclic , two columns of plates in each ambulacral area , 
ambulacral plates compound , rarely simple ; two columns of plates in each inter - 

1 This name is based on Centrechinus , a new name for JJiadema which was preoccupied for a 
Crustacean. 


Lower Cretaceous (Bar- 
/; 
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ambulacral area. Primordial ambulacra l plates around the month m the peristome. 
Primordial interambnlacral plates m the basi-roronal row , or usually resorbed. 
Peristome with ten primordial ambulacral , also non-ambulacral plates, or in one 
family many rows of ambulacral plates only. Lantern eicct or raiehj inclined; 
teeth grooved, or heeled : foramen magnum deep . Pits in the top of pyramids. 
Perignathic girdle consisting of low or high apophyses , and am ides. Peristomal gills , 
rarely with Stewart's organs in addition. Primary spines without a cortical layer. 
Sphaeridia present . 

Compound ambulacral plates are the most striking feature of this order ; 
such plates are composed of from two to ten elements, each of which has 
a pore-pair. The young of the Centrechinoida present stages in development 
which closely resemble the Cidaroida and also Bothriocidaris. The Centre- 
chinoida are divisible into three suborders on the basis of the structure of the 
lantern, which is in brief, teeth grooved, epiphyses narrow, Aulodonta; teeth 
keeled, epiphyses narrow, Stirodonta ; teeth keeled, epiphyses wide, meeting in 
suture over the foramen magnum, Gamarodonta. Trias to Eecent. 


Suborder A. AULODONTA Jackson. 

Teeth grooved. Epiphyses narrow, not meeting in suture over the foramen 
magnum. Ambulacral plates simple or compound . Oculars all exsert, or becoming 
insert in the sequence i, V, IV, II, III. Periproct with many plates or granules , 
or largely leathery. Lantern erect or inclined . Primary tubercles usually perforate. 
Trias to Eecent. 


Family 1. Hemicidaridae Wright. 

Ambulacral plates compound ventrally, simple above the mid-zone , or in some 
genera compound throughout. Coronal plates thick, not imbricating. Base of 
corona resorbed. Oculars all exsert, or one , or hco may be inseit. Periproct 
unknown. Peristome unknown. Lantern erect . Trias 
to Tertiary. 

Hemicidaris Agassiz (Fig. 385). Amb narrow ; 
plates near the apical system very numerous, small, 
low primaries, succeeded by plates formed of from 
two to four components, together with additional 
primary or demi-plates. Tubercles in two vertical 
rows, perforate and crenulate. lAmb broad, with 
two vertical rows of tubercles similar to those of Fir sg5 

the Amb, but much larger. Oculars all exsert or Hemidllans (Lam0 . 

I, or I, V insert. Peristome large, with well- Coral Rag; Chatel Ccusoire, Tonne, 
developed branchial incisions. Trias to Cretaceous. 1>l ’ 

The following subgenera are recognised : — 

(a) Hemidiadema A g. Amb tubercles large, and few m number below tlie ambitus, 
alternating distinctly. Jura and Cretaceous. H. stramonium Ag. 

(&) Idypodiadema Desor. Amb narrow, straight ; their tubercles of nearly the same size 
throughout. Peristome and branchial incisions small. Trias to Cretaceous. 

(c) Pseudoddaris Stall. Amb very undulating abactinally, with primary tubercles near 
the peristome, granules elsewhere. Jura and Cretaceous. 

Acrocidaris Ag. (Fig. 386). Test large, spheroidal dorsally, flat actinally. 
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Amb straight, broad at the ambitus ; pore-pairs unisorial and in simple series 
near the apex, in arcs of from four to seven pairs near the larger tubercles, 
crowded and polyserial actinally. I Amb with two vertical rows of primary 


A ll <' 1) 

' * « ; 



Pl(f. 380. 

Acrooularis nobilw Ag. Uppor .) uro , St Siilpice, near Locle, NeuchaM. J, Dorsal viow, II, Vonirul vmu 
C, Spine, i/l« A Thine compound Amb plates, enlarged. 


tubercles ; only the largest are perforate and crenulate. Spines cyclindrical, 
often tricarinate. Upper Jura and Cretaceous. 

Goniopygus Agassiz. Apical disk large, plates more or less ornamented ; 

oculars insert, genital plates punctured on ad oral margin. 
Peristome very large, with small branchial incisions. 
Cretaceous and Eocene. 

Glypticns Ag. (Fig. 387). Amb straight, and narrow 
except at the peristome, where the poriferous areas are 
expanded ; with two vertical rows of small, smooth, primary 
tubercles. I Amb tubercles replaced abactinally by warty 
or irregular elongate elevations. Epistroma much developed. 
Abundant in Upper Jura. 



Fret. 387. 


Family 2. Aspidodiadematidae Duncan. 


irmu old? corafi tag Ambnlacml plates simple. Coronal plates thin , not imbri- 

(oiypticmn) ; Frmgeh, eating. Base of corona resorbed. Oculars all exsert, or all may 
Switzerland, Vi- ^ insert. Peristome with ten large primordial ambulacral 
Lias to Eeccnt. 


plates. Lantern erect. 


Orthopsis Cotteau. Amb much narrower than the I Amb , straight, and with 
numerous pairs of pores in straight series. Amb with two, IAmb with several 
vertical rows of small, plain, perforate tubercles, dura and Cretaceous. 

Eodiadema Duncan. Lias; England. Echinopsis Ag. Eocene ; Europe and 
Egypt. Aspidodiadema A. Ag. Apical disk very large, oculars insert. Eeccnt. 


Family 3. Centrechinidae Jackson (IHadematidae Peters). 

Ambulacral plates compound. Coronal plates not imbricate (Mesozoic), or mm 
or less imbricate (Recent). Base of corona resorbed. Oculars exsert , or one to all 
insert . Periproct more or less plated , to nearly leathery. P customs with ten 
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p? imovdial ambulacra!, ctlso non-ambulacral plates. Lantern erect, or {AstropygeL) 
inclined. Stewart's organs slight , or absent. Lias to Recent. 

Centrechinus Jackson ( Diadema Schynvoet) (Fig. 368, D). The Amb are 
narrow, often projecting; two vertical 
rows of small, primary, crenulate and 
perforate tubercles extending from 
peristome to apex. I Amb with two 
or more vertical rows of primary 
tubercles resembling those of the 
Amb , but larger. Secondary tubercles 
and granules surrounding the scrobi- 
cules. Spines long, hollow, longitu- 
dinally striated. Lias to Recent. 

Hemipedina W right. J ura, Creta- 
ceous and Recent. Differs from Ceutre- 
chinus in having simple Amb plates 
near the apex, and perforate, but 
not crenulate tubercles. 

Pseudodiademcv Desor (Fig. 388). 

Includes small species having wide 
Amb, tubercles of uniform size in 
Amb and I Amb areas, and oculars 
typically all exsert. Jura to Ter- 
tiary. 

Heterodiadema Cotteau. Like 
Centrechinus , but with the apical 

system greatly extended into the depressed posterior IAmb. 

H. libycum Cotteau. 

Codiopds Ag. (Fig. 389). Primary tubercles of both areas small, smooth 



3SS. 


P^euchdicukniii rtogledum Thurm. From the Bernese 
Jura. A, B . Prolile and ventral aspect of test, Vi* 
L\ Ambulacrum, enlarged/' D, Spme, */j. 


Cretaceous. 


B r 



Fict. 3S0. 

Codiopsis doma (Desm.). Cenomanian (ToUrtm) , Touraay, Belgium. A, Side-view of test, 1 / 1 - Ventral 

aspeet of same C, Apical system, enlarged. 


nearly equal in size, and only occurring actinally and for a short distance 
toward the ambitus. Pore-pairs uniserial. Cretaceous. 

Cottaldia Desor. Cretaceous and (?) Recent. Pleurodiadema de Loriol. 
Jura. Magnoda Michelin. .Jura and Cretaceous. 

Diplopodia M e Coy. Amb narrow, with two vertical rows of perforate and 
crenulate primary tubercles. Pore-pairs in double vertical series near the 
poles, uniserial at the ambitus. J ura and Cretaceous. 

Pedinopsis Cotteau. Cretaceous. Phymechimis Desor. J ura. 
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Pedina A g. Amb narrow, poriferous areas wide. Both areas with two 
vertical rows of small, perforate, primary tubercles. Upper Jura. 

Pseudopedina Cotteau. Like the preceding, but with larger primary 
tubercles, which are present in the Amb near the ambitus only. Upper Jura. 

Micropedina Cotteau. Amb with several, and I Amb with numerous vertical 
rows of very small primary tubercles. Cretaceous. 

Leiopedina Cotteau ( Chrysomelon Laube). Test large, melon-shaped. Amb 
long, straight, very broad. Poriferous areas broad, pore-pairs triserial, and 
almost horizontal. Plates very numerous, low, broad, compound. Tubercles 
small, plain, finely perforate, in two distant vertical rows. IAmb broad, with 


A 



Flu. 300. 



StomecMnus linecitus (Goldf.) Coral Rag; Sontheim, Wurtemberg. A, Side-view ol test, i/l- A Portion 

of actinal surface. 


two rows of tubercles similar to the ambulacral, and with intermediate 
granules. Eocene. 

StomecMnus Desor (Fig. 390). Distinguished from Pedina by its wider 
Amb , and imperforate, non - crenulate primary tubercles. Secondary 
tubercles and granules often present. Jura and Cretaceous. 

CodecJiinus Desor. Tubercles very small, plain, irregularly distributed. 
Cretaceous. 

Polycyphus Agassiz. Jura. Astropyga Gray. Recent. 


Family 4. E chino thuriidae Wyville Thomson. 

Ambulacral plates compound . Coronal plates very thin , imbricate . Primordial 
interambulacral plates in basicoronal row. Base of corona not resorbed . Oculars 
insert, often separated from the genitals by interspaces. Genitals more or less split 
by secondary sutures . Periproct leathery but partially plated. Peristome with many 
rows of ambulacral plates only. Lantern inclined. Radial peristomal and somatic 
muscles. Stewart’s organs present . Jurassic to Recent. 

This family is represented by several living and two extinct genera, the 
latter being known only by fragmentary specimens. Pelanechinus Keeping 
is found in the Upper Jura, and Echinothnria Woodward in the Upper 
Cretaceous of England. Phormosoma Wyv. Thomson (Fig. 371, A) and 
Asthenosoma Grube. Recent, occurring chiefly in depths below 100 fathoms. 
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Suborder B. STIRODONTA Jackson. 

Teeth keeled. Epiphyses narrow , not meeting in suture over the foramen 
magnum . Ambulacral plates compound or largely simple. Coronal plates not 
imbricate. Primordial interambulacral plates resorbed or retained in the basicoronal 
row. Base of corona resorbed or not. Oculars all exsert or becoming insert in the 
sequence I, F, or F, 1 ] IF, II, III. Periproct with prominent suranal, or with 
many small plates, or four, or jive large plates only . Peristome with ten primordial 
imbulacral, also non- ambulacral plates . Lantern erect. Primary tubercles 
imperforate, or exceptionally perforate. Jurassic to Recent. 

Family 1. Saleniidae Desor. 

Ambulacral plates compound, or largely simple. Primordial interambulacral 
plates resorbed. Base of corona resorbed. Oculars exsert or becoming insert in the 
sequence I, F, IF, II, III. Periproct with a permanent large suranal, or more 
large plates, with small anal plates. Primary tubercles imperforate, or perforate . 
No spurs from pyramids supporting teeth dor sally. Jura to Recent. 

Peltastes Ag. (Fig. 391). Amb straight or slightly flexuous, with simple 



Salcnia scutigera Gray. White Chalk; Charente 
(after Cottean). A, Lateral and dorsal aspects of 
tests, Vi* ■#> Apical system, enlarged. 


plates abactinally and with small primary tubercles near the poriferous 
areas. IAmb broad, with large, imperforate primary tubercles, diminishing 
in size toward the poles. The suranal plate is small, in contact with the 
lateral genitals, but not touching the posterior one. Upper Jura and 
Cretaceous. 

Salenia Gray (Pig. 392). Test small, globose, or depressed. Amb plates 
compound or largely simple. The suranal plate is in contact with all the 
genitals ; oculars all exsert or ocular I reaching the periproct, perforated at 
the adoral edge. Cretaceous to Recenfc. 

Goniophorus Agassiz. Upper Greensand 3 Europe. Seterosalenia 
Cotteau. Cretaceous 3 Europe. 

Acrosalenia Ag. (Figs. 368, (7 3 393). Test depressed. Amb plates simple 
primaries near the apical system, compound near the ambitus and actinally. 
IAmb tubercles large, perforate, and crenulate 3 those of the Amb much smaller, 
and in two vertical rows. Periproct large, bounded anteriorly by the suranal 
plate, which is in contact with the four large anterior genitals, or more 
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than one large periproctal plate. Oculars all exsert or one to al] insert, 



Fig. 303. 

Acrosahnia liemiciclaroides Wright. Middle Jura ; Stanton, Wiltshire. Dorsal, lateral and ventral aspects 

of te&t, 1/1 (after Wnght). 

commonly I, V insert. Spines cylindrical, striated or plain. Represented 
by numerous species from the Lias to the Lower Cretaceous. 


Family 2. Phymosomatidae Meissner. 

Ambulacral plates compound. Primordial interambulacral plates resorbed. 
Oculars becoming insert in the sequence I, V, IV \ II, III Periproct with 
numerous small plates only. Primary tubercles imperforate. Spurs from pyramids 
support the teeth clorsally. Jura to Recent. 


Cyphosoma Agassiz (Fig. 394). 


Fig. 304. 

Cyphosoma kuenuji Mantell. White Chalk ; 
Sussex. Ventral aspect, if t . 


Test depressed, with few coronal plates. 
Amb with well-developed poriferous areas 
undulating. Pore -pairs biserial at the 
apex, crowded at the peristome. I Amb 
broader than the Amb, with tw T o or more 
vertical rows of primary tubercles, which 
are imperforate and crenulate, like those 
of the Amb . Apical system encroaching 
upon the posterior I Amb. Jura to Ter- 
tiary. 

Glyptocidaris A. Agassiz. Recent. This 
genus shows the character of pyramidal 
spurs given as a family character. 

Micropsis Cotteau. Amb with three to 
five elements to a compound plate, and 
two or more vertical rows of small primary 
tubercles, which are perforate and crenu- 
late. Cretaceous and Eocene. 



Family 3. Stomopneustidae Mortensen. 

Ambulacral plates compound, composed of three elements each, at the mid-zone 
every four or five ambulacral plates are bound together and grown over by one 
primary tubercle. Primordial interamlulacral plates and base of corona resorbed . 
Oculars becoming insert in the sequence 1, V, IV. Periproct with many small plates 
only . Primary tubercles imperforate. Spurs from pyramids supqtort the teeth 
dorsally. 
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Stomopneustes A g. Amb straight, with pores in arcs of three pairs dorsally 
crowded and triserial below the ambitus. Both areas with two vertical rows 
of plain tubercles. Formerly classed with the Echinometridae, from which it 
differs radically, especially in structure of the lantern. Tertiary and Recent. 


Family 4. Arbaciidae Gray. 


Ambulacral plates compound. Primordial interambulacral plates in the basi- 
coronal row. Base of corona not resorbed . Oculars all exsert or becoming insert 
in the sequence V \ 1 , IV. Periproct with four or fire large plates only. Primary 
tubercles imperforate. No spurs from pyramids supporting teeth dorsally. Tertiary 
to Recent. 


With three elements in an amjpulacral plate. Tertiary 


Recent. 



Arbacia Gray, 
and Recent. 

Tetrapygus Agassiz. With five elements in an ambulacral plate. 

Coelopleurus A g. (Fig. 395). Amb with two vertical 
rows of plain, primary tubercles placed on fiat scrobi- 
cules, diminishing in size toward the apex, and some- 
times replaced there by granules. IAmb with a large 
bare median area abactinally ; the tubercles largest at 
the ambitus, sometimes disappearing toward the apical 
system. Tertiary and Recent. 

Podocidaris A. Agassiz. Recent ; Caribbean Sea and 
Philippines. 

Suborder 0. OAMARODOETTA Jackson. 

Teeth keeled. Epiphyses wide , meeting in suture over 
the foramen magnum. Ambulacral plates compound. Coronal 
plates not imbricate. The ambitus is circular , or elliptical 
through a sidewise axis. Primordial interambulacral plates 
resorbed . Base of corona resorbed. Oculars all exsert or 

becoming insert in the sequence V, I or 1 , V ‘ IV, II, III. Periproct usually plated 
with many small plates (in one genus , Parasalenia , with four large plates). 
Peristome with ten (in one species five) primordial ambulacral plates and more or 
fewer non-ambulacral plates ; rarely the latter are absent . Lantern erect Primary 
tubercles imperforate. Cretaceous to Recent. 



Fin. 395. 

CodupleiU'UB cquls Ag. 
Eocene , Biarritz, France. 


Family 1. Echinidae Agassiz. 

Ambitus circular . No pits or sculpturing in the coronal plates dorsally. 
Ambulacral plates at mid-zone composed of three elements each, rarely dorsally of 
two elements. Oculars all exsert, or becoming insert in the sequence I, V ’ IV, II, 
III. Cretaceous to Recent. 

Echinus Linn. Amb straight, with narrow poriferous zones ; pore-pairs in 
more or less vertical arcs of triplets. Interporiferous areas with two vertical 
rows of small, plain, primary tubercles with or without irregularly placed 
secondary tubercles and primaries. IAmb with two vertical rows of primaries, 
and few or numerous rows of secondary tubercles and miliaries. Peristome 
small, circular. Cretaceous to Recent. 
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Stirechinus Desor. Both areas with two rows of large, plain, primary 
tubercles situated on raised keel-like projections. Pliocene ; Europe. 

Glyptechinus de Loriol. Cretaceous. Tripneustes Agassiz. Miocene and 
Recent. 

Eypechinus Desor. Tertiary. Toxopneustes Agassiz. Recent. Boletia 
Desor. Recent. 

Family 2. Temnopleuridae Desor. 

Ambitus circular. Pits , or sculpturing in coronal plates clorsally. Ambulacral 
plates at the mid-zone composed of three elements each . Oculars usually all exsert. 
Cretaceous to Recent. 

Glyphocyphiis Haime. Test small, depressed spheroidal. Amb narrow, 
straight, with two vertical rows of small, perforate, crenulate, primary 
tubercles, and numerous miliaries. IAmb broad, with two rows of primaries 
somewhat larger than those of the Amb . Transverse and median sutures 
grooved. Oculars all insert. Cretaceous and Eocene. 

Didyopleurus Duncan and Sladen. Eocene; Asia, Europe and Egypt. 
Paradoxechinus Laube. Miocene ; Australia. Echimcyphus Cotteau, and Zeuglo • 
pleurus Gregory. Cretaceous ; Europe. 

Temnopleurus Ag. Transverse sutures of all plates grooved and pitted. 
Apical system small, compact, slightly projecting. Tertiary and Recent. 

Temnechinus Forbes. Test small, subglobose, depressed abactinally. 
Both areas with two vertical rows of plain primaries. Apical system 
prominent, compact, the sutures between the plates more or less grooved. 
Late Tertiary and Recent. 

Salmacis Ag. Eocene, Pliocene and Recent. Miorocyphus , , Amhlypnenstes , 
and Eolopneustes Agassiz. Recent. 


Family 3. Strongylocentrotidae Gregory. 

Ambitus circular. No pits or sculpturing in the coronal plates. Ambulacral 
plates at the mid-zone composed of from four to ten elements each , rarely ( some 
Echinostre phus) of three elements each. Oculars all exsert or becoming insert in the 
sequence /, V, IV , II. Tertiary to Recent. 

_ Strong ylocentrotus Brandt (Figs. 371, E ; 372-3, 

y ^ ® v 396). Test symmetrical and poly porous. Amb straight, 

broad at the ambitus and peristome, and with broad 
poriferous areas. Pore-pairs in oblique arcs or almost 
transverse series of from four to ten pairs, and crowded 
actinally. Interporiferous areas with two vertical 
rows of plain imperforate primary tubercles; secondaries 
and miliaries also present. IAmb with two rows of 
primary, and four or more of secondary tubercles. 
Late Tertiary and Recent. 

Sphaerechims Desor. Amb straight, wide. Pore-pairs in arcs or oblique 
lines of four to eight pairs, polyserial actinally. Interporiferous areas with 
two to six vertical rows of plain, imperforate primaries, and horizontal rows 
of secondary tubercles and miliaries. IAmb with two to twelve vertical rows 
of primaries. Pliocene and Recent. 

Eurypneustes and Aeolopneustes Duncan and Sladen. Eocene ; Asia. 



Fio. 30(3. 

Stiongylocentrotus droharh - 
iensis (0. F. Muller). Com- 
pound Amh plate. 
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Family 4. Echinometridae Gray. 

Ambitus elliptical in a sicleivise axis. No pits or sculpturing in coronal plates 
dorsalbj. Amhulacral plates at mid-zone composed of four or more elements each , 
rarely ( Parasalenia ) of three elements each. Oculars all exserf or becoming iasctf 
in the sequence V \ I } IV. Eecent. 

Echinometra Gray ; Heterocentrotus and Coloboceutrotus Brandt ; with highly 
specialised spines. Eecent. 

Order 4. EXOCYCLOIDA Jackson. 

Test irregular , exocyclic , periproct outside of oculogenitcd ring in interambulacrum 
J. Two columns of plates in each amhulacral area and two columns of plates in 
each interambulacral area. Regular in form , or more frequently more or less 
markedly bilaterally symmetrical through the axis Ilf 5. Slight or no resorption 
of base of corona by the advance of the peristome. Lantern present or absent. 
Peristomal gills , or amhulacral gills only. Sphaeridia present Juia to Eecent. 

'This order includes all exocyclic Echini excepting the Paleozoic 
Echinocystoida. The order shows structural characters associating it with 
the Arbaciidae. 

Suborder A. HOLECTYPINA Gregory. 

Amhulacral plates compound , or largely simple , areas not petaloid dorsally. 
Primordial ambidacral plates unknown. Primordial interambulacral plates in Iasi - 
coronal row , or in part resorbed. Base of corona slightly resorbed. Oculars and 
genitals all present and distinct , or fused , or genital 5 abseid ; when present it is 
imperforate. Periproct unknown. Peristome central , structure unknown. Lantern 
inclined so far as knoivn. Teeth keeled , epiphyses narrow. Foramen magnum 
moderately deep. Pyramids with rulges on lateral wings. Perignathic girdle con- 
sisting of apophyses and auricles , or auricles only. Peristomal gills present. Jura 
to Tertiary. 

Family 1. Discoidiidae Gregory. 

Perignathic girdle consisting of apophyses and auricles. 

Discoidea Gray (Fig. 397). Test hemispherical above the margin, flat 

A B 



Fici. 397. 

Discoidea cylmdnca Agassiz. Upper Cretaceous ; Luneburg. A, Side-view. B, Test broken open to show 

the inner partitions, i/i- 

actinally. Amh narrow, with some compound plates near the ambitus and 
actinally ; pore-pairs very numerous, small. IAmb with distinct median 
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sutures, and small, perforate and crenulate tubercles. Plates within the 
actinal surface with radiating ribs, ten in all, extending as far as the peri- 
stome; appearing on casts as deep depressions. Periproct small, infra- 
marginal. Cretaceous. 

Conulus Leske ( Galerites Lam.). Amb flush or slightly raised, apetalous, 
straight ; some of the plates compound. Peristome sunken, slightly decagonal, 



Fig. 30S. 

Conoclypevs anioidcu* (Goldf.). Eocene ; Kressenberg, Buvuiia (-/ !5 natural size). 


symmetrical. Perignathic girdle indicated by a thickening of the IAonb as a 
low false ridge. Abundant in the Lower and Middle Cretaceous. 

Lanieria Duncan. Cretaceous or Eocene ; Cuba. 

Conoclypeus Ag. (Figs. 369, E ; 398). Test large, thick; conical or vaulted 
dorsally, flat actinally. Amb long, open, with broad poriferous areas nearly to 
ambitus, narrowing thence to peristome. Pores wide apart and in pairs where 
the areas are broad ; the pairs separated by costae. Pores continued in single 
series over the ambitus as far as the central, pentagonal peristome. Periproct 
infra-marginal, oval (?). Cretaceous and Eocene ; Europe. 

Family 2. Pygasteridae Gregory. 

Perignathic girdle apparently consisting of auricles only. 

Eoledypus Desor (Figs. 369, B; 399). Amb narrow, straight, widest at 


A BCD 



Fig. 399. 

A, B, Holectyimsorificatm, Schloth. Upper Jura; Streitberg, Franconia. C, D, H. rteprcssw (Leslie). Middle 
Jura ; France. Apical system and ventral surface (after Cottpau). 
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ambitus ; some of the plates compound. IAmh with rather large plates, and 
many rows of tubercles. Peristome large, decagonal, with well-marked branchial 
incisions, jaws, and feeble perignathic girdle. 

Periproct large, pyriform, situated between the 
peristome and posterior edge of the test. Apical 
system small, central. Jura and Cretaceous. 

Pileus Desor. Test large, sub-hemispherical 
dorsally, flat actinally. Tubercles small, ir- 
regularly arranged. Periproct supra-marginal, 
small, broadly ovoid. Upper Jura. 

Pygaster Ag. (Fig. 400). Test large, de- 
pressed dorsally, concave actinally. Amb straight, 
similar, flush or slightly raised, widest at the 
ambitus. Poriferous areas straight, simple, 
narrow; tubercles of interporiferous areas in 
two or four vertical rows ; those of the I Amb in 
horizontal rows. Peristome large, decagonal, 
with jaws and feeble perignathic girdle. Peri- 
proct immediately beyond the apical system. 

Jura and Cretaceous. 

Galeropygus Cotteau ; Pachyclypeus Desor. 

Upper Jura ; Europe. 



Fro. 400. 


Pyiju.'-ter lunbiUa Agassiz. Oxfordian; 
Cliatillon-Mir-Seme Young mdu idual, 
Vi (after Cottean). 


Suborder B. CLYPEASTRINA Gregory. 

Ambulacra l plates simple , areas petaloid dorsally . Ventrally ambulacral pores 
are minute and specialised. Primordial ambulacral plates in basicoronal row. 
Primordial interambidacral plates in basicoronal row, or exceptionally (, Araclinoides ) 
pushed dorsally and in part resorbed by intracoronal resorption . Base of corona not 
resorbed. Ocular and genital plates fused in a mass , usually no genital pore in area 
5. Genital pores within the fused mass or outside in interambulacra 1, 2, 3, 4. 
Periproct plated. Peristome central , leathery. Lantern procumbent, highly modified, 
teeth heeled, foramen magnum very shallow, small epiphyses and bmces, but no com- 
passes. Pyramids usually without ridges on lateral wings. Perignathic ■ girdle con- 
sisting of auricles only, on ambulacral, or on interambulacral plates. Ho peristomal, 
but ambulacral gills only. Cretaceous to Recent. 

Family 1. Clypeastridae Agassiz. 

.Test mall to very large, depressed, flat or high. Petaloid parts of the arribulacra 
highly developed, usually unequal ; the actinal furrows straight . Interambulacra 
actinally discontinuous; one pmstomal plate in each area . Perignathic processes 
tall, narrow, two on each ambulacrum, fitting in below the large jaws. Peristome 
central, pentagonal; periproct small, marginal or infra-marginal. Internal structure 
with needles, pillars , and other processes extending from floor to roof, especially near 
the edge of the test ; sometimes these are fused to form concentric partitions, and the 
ambulacra may also be protected by an inner wall. Tertiary and Recent. 

Glypeaster Lam. (Figs. 369, F ; 374, 40 1, 402). Actinal surface flat, with the 
peristome deeply sunken ; edge thin, undulating in contour, with or without 
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re-entering angles. Petals long, broad, tumid ; pores wide apart, unequal, 
conjugated. Periproct near or at the edge. Internal structure not forming 

a double wall covering the 
Amb . This genus includes 
some of the largest known 
Echinoids. Recent species 
are littoral, or shallow- 
water inhabitants. Tertiary 
and Recent. 

Anomalanthus Bell. Re- 
6 cent. Lagannm Gray. Be- 
longs properly to a separate 
family or subfamily. Ter- 
tiary and Recent. 

Family 2. Fibulariidae 
Gray. 

Fk.. 401, 



L'lypeaster aeyypUcus Mich. Pliocene, Gizeli, near Cano. Fragment 
shou mg internal calcareous deposits, an, Auricles. 


Test small , with rudi- 
mentary ^ widely open, few- 
pored petals . Interambulacra 
small , with a single apical and a single peristomal plate. Ambulacra limited 
acUnath j on the interior of the test by low vertical partitions at their sides, radiating 



Fig. 402. 

Clypeastcr gfumhfloru* Bronn. Miocene ; Boutonnet, near Montpellier. i/ 2 natural size (after Deaor). 


toward the peristome. Perignathic processes broad , low, situated on each inter - 
ambulacrum. Periproct usually actinal. Cretaceous to Recent. 

Echinocyamus Leske (Fig. 403). Test thick, depressed, pyriform or sub- 
circular in outline, concave actinally. Amb broader than the IAmb , short 
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where slightly petaloid, widely open distallv : pore-pairs few and increasingly 

far apart. Peristome central, pentagonal, with small 

jaws. Periproct between the peristome and posterior 

edge of the test. Cretaceous to Recent. W j 

Subgenus Scutcllina Ag. Periproct small, marginal of more 
or less supra- or infra-marginal. Tertiary. F . 0 


Sismondia Desor. Test sub -pentagonal or ovoid, C> n i uo< mi hi j/s m uatn - 
depressed, inflated at the margin. Petaloid parts of Ri^cenl : C Siaiy. 5<, i/i!* s ^ 
the A mb usually long, more or less open ; pore-pairs 
not continued actinally. Tubercles minute. Eocene 


and Miocene. 

Fibularia Lam. (Fig. 404). Test thin, ovoid, tumid 
dorsally and at the side. A mb short ; pore-pairs very 
few, continued wide apart to the margin, non-con- 
jugated. Peristome and periproct small, sunken, close 
together. Upper Cretaceous and Recent. 

Rwia Ag. Tertiary ; Europe. 



Flu. 4‘>4. 

F t tmbh'ia s nlmJohosu (Goldf. ). 
Upper Cretaceous ; Maest- 
iiclit. Belgium. 1^. 


Family 3. Scutellidae Agassiz. 


Test very flat , with entire or incised margin; Irnules or slits in the areas or 
not. Amlmlacral farrows bifurcating and branching. Peristome flush ; jaws flat , 


v 



^ Flu. 403. 

Scutella hubrotundata La m. Miocene ; Bordeaux. A, B, Ventral and doisal aspects, t\ Section, l/i- 


teeth superior. Radiating partitions between the floors internally . Tertiary and 

Recent. 

Scutella Lam. (Fig. 405). Test circular or sub-circular in outline, some- 
times undulating or notched, broadest behind. Petaloid parts of the Amb 




288 


ECHINODERMATA — ECHINOZOA 


PHYLUM xv 


unequal, well-developed, nearly closed. Peristome small, central, sub-circular. 
Periproct very small, infra-marginal. Apical system central, more or less 
pentagonal. Tertiary. 

Subgenus Echinantchnius Leske {Denclrastcr Ag.). Apical system eccentric in front or 
behind. Periproct actmal or marginal. Recent. 

Echinodiscus Leske. Like Scutella, but truncated posteriorly, and with two 
round or elongate lunules or slits, one in each of the median lines of the 
postero-lateral Amb . Tertiary and Recent. 

Encode Ag. Test with a broad notch or a lunule in the median line of 
each Amb, and a lunule in the posterior IAmb . Miocene and Recent. 

Mellita Agassiz. Test very flat, with five or six usually closed lunules, 
more rarely cuts ; one in the median line of the posterior IAmb , the others 
in the Amb. Amb petaloid dorsally, the posterior pair the longest. Pliocene 
and Recent. 

Lenita Desor. Eocene. Rotula Ag. (Fig. 366, g). Recent. Amchnoides 
Leske. Pliocene and Recent. 

Suborder C. SPATANGINA Jackson. 

Ambulacral plates simple , areas commonly petaloid dorsally ; in some types pores 
are absent in part of the plates. Ambulacrum III often differs markedly in character 
from other areas. Ambulacral plates often highly specialised in form and size. 
Primordial ambulacral plates in the basicoronal row , or (Po'urtalesia) in part pushed 
dorsally. The basicoronal plates la , Ila, Illb , IVa, Vb, are larger and with two 
pairs of pores or two separate single pores , whereas the lb , lib, Ilia , IVb , Va are 
smaller with one pore-pair or one single pore. Primordial interambulacral plates in 
the basicoronal row or (. Lovenia , Pourtalesia) pushed dorsally. Base of corona not 
resorbed. Oculars and genitals separate , or genitals partially fused. Oculars 
apparently absent in some Pourtalesias. Genital 5 absent , and some additional 
genitals rarely absent. Periproct plated. Peristome eccentric , plated with non- 
ambidacral plates only , Lantern and perignathic girdle absent (present in the young 
of Echinoneus , A. Agassiz, 1909). No peristomal , but ambulacral gills only . 

Tribe A. CASSIDULOIDEA Duncan. 

Ambulacra abadinally petaloid or sub-petaloid, usually similar. Some or all 
of the interambulacra with a single peristomal plate ; the postero-lateral areas 
symmetrical actinally , without any fusion of plates; no plastrons. Peristome 
variously shaped , with or without floscelles. 

Family 1. Echinoneidae Wright. 

Test tall , or low and tumid dorsally ; tumid and rarely flat actinally. Apical 
system central , compact , with four perforated genitals. Ambulacra similar , dorsally 
apetalous or sub-petaloid . Pores in simple pairs or in oblique triplets actinally ; no 
floscelle . Peristome oblique or transversely elliptical , rarely symmetrical , Periproct 
actinal , marginal or supra-marginal. Cretaceous to Recent. 

Subfamily A. Echinoneinae Desor. 

Test low , tumid, and more or less puhinate actinally ; peristome central or sub- 
central and oblique. 
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Echinonews Leske. Amb narrow, actinally unequally broad, owing to the 
obliquity of the large, triangular peristome. Miocene to Recent. 

Caratomus A g. Cretaceous. Amblijpygus Ag. Tertiary. 

Pygaulus Ag. (Fig. 406). Test small, thick ; apical system slightly 




Fin 406. 

Pyifitnluk ileviumltnsi A g. Uigonian 
(Schrattenkalk) ; Santis, Switzerland, i/i- 



Fin 407 . 

Pyi inti i n^cia (Ag.) Xeoconmn (Hils) ; Beikhngen, 
Bumrtwick. Vi- 


eccentric in front. Ami) narrow, widest at the ambitus ; pore-pairs in simple 
series, conjugated ; the pores of a pair sometimes differently shaped. Cre- 
taceous. 

Pyrim Desm. (Fig. 407). Like the preceding, but pores non-con jugated, 
and the pairs separated by costae. Cretaceous and Eocene. 


Subfamily B. Echinobrissinae Duncan. 

Test depressed, elongate , tumid. Ambulacra sub-petaloid. Apical system and 
peristome eccentric ; floscelle absent or rudimentary . Interambulacra entering the 
peristomal margin with a single plate . Periproct supra-marginal. 

Nucleolites Lam. (Echinobrissus Breyn.) (Fig. 408). Test ovate, rounded in 
front, broadest and more or less truncated behind; or rectangular, with the 


A 



A, By Nucleolites chubtculcms (Llhwyd). Combmsh ; Egg, Aargau. Vi- <■', D, K. sentatiib (Lam.). Upper 
Oxfordian; Trouville, Oalvadob. C, Ventral aspect of large individual. D, Apical system, enlarged (alter 
Cotteau). 

angles rounded ; or sub-circular ; concave actinally. A mb unequal, open at 
the end of the sub-petaloid parts ; pore-pairs in simple series, more or less 
unequal in shape and size, the outer ones elongate ; below the sub-petaloid 
parts the pores are in small oblique pairs, conjugate or not. Periproct at 
upper end of a groove situated on the abactinal area of the test. Abundant 
in Upper Jura and Cretaceous ; present also in Eocene and late Tertiary. 

VOL. i u 



290 


EOHINODERMATA — ECHINOZOA 


PHYLUM IV 


Subgenus Dockmostoma Duncan (Trematopygus d’Orb.). Like the preceding, but with 
oblique peristome. Cretaceous ; Europe and North America. 

Botriopygus d’Orb. Cretaceous. Ilariona Dames. Eocene. 


Family 2. Cassidulidae Agassiz. 

Test variable in shape . Ambulacra petaloicl , sub-petaloid or apetalous dor sally, 
ancl with crowded doubling of the pairs of pores close to the peristomal margin , 
forming with the single, swollen and ornamented interambulacral peristomal plates a 
floscelle. Jura to Recent. 

Cassidulus Lam. (Fig. 409). Test small, oblong, depressed, convex 

dorsally, flat actinally. Amb narrow, 
n sub-petaloid, not closing ; pores con- 

tinued from the middle part to the 
well-developed floscelle. Peristome 
eccentric in front ; periproct supra- 
marginal, longitudinally elongated. 
Cretaceous and Eocene. 

Subgenus Hhyncopygus d’Orb. Periproct 
transversely elongate, with overhanging 
rostrum. Cretaceous to Recent. 

Subgenus Pycjorhynchus Ag. Test con- 
Cassiduhi* laptb-cunu'i Lain. .4, Test m three positions cave actinally, with long petals. Peris- 
B, Floscelle, enlarged. tome and periproct longest transversely. 

Cretaceous to Miocene. 

Btigmatopygus d’Orb. Cretaceous. Eurhodia d’Arch. and Haime. Eocene. 
Paralampas and Neocatopygns Duncan and Sladen. Eocene. Catopygus Ag. 
Cretaceous. Studeria Duncan. Tertiary and Recent. Phyllobrissus Cotteau. 
Jura and Cretaceous. 

Glypeus Agassiz. Test large, low, nearly flat actinally. Amb wide, 
petaloid, not closing dorsally, narrow at the ambitus and actinally. Pore- 



Fi(i. 409. 



Pygurus royerianus Cotteau. Knnmeridgian ; Tonniesberg, near Hanover. J, B, Dorsal and ventral views 
of test, 3/ 4 natural size. C, Apical system, enlarged. D, Ambulacra! plates, magniUed. 


pairs in the petaloid parts with the inner pore small and circular, the outer 
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transversely elongate, and in a long groove. Periproct high up, usually in a 
groove along the median line of the posterior I Ami. Upper Jura. 

Pi/gurus A g. (Fig. 410). Test large, angular, rounded or cordiform in 
marginal contour; depressed or rather tall and sub-conical dorsally. Ami 



Ediinolamptt# Jdeini Goldf Oligocene; Doberg, near Bunde. tyj. 


flush dorsally, unequal, wide ; the petaloid parts contracting but not closing 
marginally, and expanding again actinally, where the Ami are grooved. Peri- 
proct infra-marginal, pyriform or ovoid, in a special area, or rostrum, close to 
the posterior edge of the test. Upper Jura and Cretaceous. 

Echinolampas Gray (Fig. 411). Test variable in size and shape, more 
or less ovoid or circular at the tumid 
marginal outline ; tall and conical or 
depressed dorsally. Ami petaloid for 
a variable distance ; pores of the petals 
differing in shape, conjugated and con- 
tinued beyond in simple series. Peri- 
stome slightly in front, or sometimes 
central. Periproct transversely ellip- 
tical, infra-marginal. Widespread in 
Tertiary and Recent. 

Gonolampas and Neolampas A. A g. 

Recent. Pledolampas Duncan and 
Sladen. Eocene. Palaeolampas Bell. 

Upper Cretaceous to Recent. 

Family 3. Collyritidae d’Orbigny 
( Dysasterinae Gray). 

Apical system disconnected , either 
elongate or sul - compact. Amlulacra 

similar; livium widely separated from Fxo. 412 . 

the trivivm ; floscelle absent. J ura to Cdlyrites emptied, Desra. Callovian ; Mamers, Sarthe. 
n , A , d, Test in profile and from above, 1/,. C, Apical 

Cretaceous. system, enlarged. 
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Collyrites Desm. (Fig. 412). Test ovoid, tumid, more or less truncated 
posteriorly. Amh disjunct, the anterior one sometimes in a slight groove. 
Width of the Amh increasing towards the ambitus ; pore-pairs in low primary 
plates. Periproct posterior, supra-marginal, placed in a groove. Apical 
system elongate, separated by numerous small plates belonging to the 
postero-lateral I Amh. Very abundant in the Middle and Upper Jura and 
Cretaceous. 

Dysaster Ag. Differs from Collyrites in details of the apical system, the 
genitals not being separated by the antero-lateral ocular plates. Upper Jura 
and Lower Cretaceous. 

Hyboclypeus Agassiz (Fig. 413). Jura. Infraclypeus Gauthier. Upper 
Cretaceous. Grasia Mich. Jura. 



Fig. 413. ^ 

Hyboclypeus gtbberulus Ay. Middle Jura ; Soleure, Switzerland. A, B , Dorsal and ventral views. 
G, Profile. D, Apical system, enlarged. 


Metaporhinus Mich. Test very tall, slightly longer than broad, sub-cordi- 
form, projecting upwards anteriorly, grooved and oblique behind. Anterior 
Amh in a groove, with small, simple, distant pairs of pores ; the other Amh 
flexuous, with comma-shaped pores placed obliquely to one another. Periproct 
supra-marginal. Upper Jura and Lower Cretaceous. 

Tribe B. SPATANGOIDEA Duncan. 

Peristome eccentnc in front, rarely pentagonal in the adult, usually with a 
posterior labrim , behind which is a long plastron hounded laterally by the posterior 
ambulacra. Ambulacra dissimilar. Interambulacra with a single plate at the 
peristomal margin ; the postero-lateral areas usually unsymmetricol actinally . 
Fascioles present or absent. 


Family 4. Ananchytidae Desor. 

Test ovoid or sub-cordiform in marginal outline, tall or depressed , and with large 
plates. Ambulacra in a bivium and trivium, nearly similar, flush, apetalous ; pore- 
pairs largest near the apex and at the peristome , may be uniporous . Periproct 
variable in position. Cretaceous to Recent. 

Ananchytes Lam. (Echinocorys Breyn.) (Fig. 414). Test large, oval in marginal 
outline ; high, rounded or keeled apically, flat actinally. Amb biporous, the 
pore-pairs well developed abactinally, but becoming smaller, closer and 
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Posterior Amb 
Peristome oval. 



oblique toward the ambitus, where they are more distant, 
actinally long and broad, the pairs small, and pores oblique, 
broader than long. Periproct 
infra -marginal, posterior, oval. 

Apical system elongate. Very 
abundant in the Upper Cretac- 
eous. A . ovata (Leske) often 
attains a very large size. 

Holaster Ag. (Fig. 415). Test 
ovoid in marginal outline, flat 
actinally, tumid and high abac- 
tinally. Anterior Amb in a shal- 
low groove. Peristome elliptical, 
broadest transversely. Periproct 
supra-marginal, and oval. Apical 
system elongate. Cretaceous 
and Miocene. 

Offaster Desor. Test small, 
tumid. Anterior Amb sometimes 
in a shallow groove. Peristome 
oval, broadest transversely. Peri- 
proct supra-marginal, circular or 
ovoid. Apical system elongate. 

Cretaceous. 0. jpilnla (Ag.). 

Hemipneustes Ag. Test large, 
ovoid in marginal outline, high 
and tumid dorsally, flat actinally. 

Anterior Amb in a deep, narrow 
groove extending to the elongate apical system, its pairs of pores numerous 




AnancTuftes ovata (Leske). White chalk; Haldein, West- 
phalia. A, B, Profile and ventral view. ty 3 . C, Apical system, 
enlarged. D, Portion of Amb and lAmb areas i/l* 



Fig. 415. 

A, B, Holaster subglobosus Ag. Cenomanian ; Rouen, i/ x . C, B. suborbicularis Defr. Apical system, enlarged. 


and small, the vertical rows wide apart. Paired Amb more or less curved, 
open distally, with dissimilar pores. Peristome much sunken, crescent- 
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shaped, broad. Periproct supramarginal. Upper Cretaceous. H. mdiatus 
(Lam.). 

Cardiaster Forbes. Similar to Holasicr , but anterior groove deeper and 
with angular margin. Periproct oval, placed in a depression in the truncated 
posterior face. A more or less complete marginal fasciole passing below the 
periproct. Cretaceous. 

Subgenus Infulaster Hagw. Test high in front, narrow ; anterior groove deep and with 
strong lateral keels, Fasciole absent. Upper Cretaceous. 

Urechinus and Cystechinus A. Agassiz. Late Tertiary and Eecent. Calymne 
Wyv. Thomson. Eecent. Enichaster de Loriol. Oligocene. All with uni- 
porous Amb. 

Stenonia Desor. Like Anctnchytes , except that the apical system is com- 
pact, and the Amb equal. The solitary species, S. tuberculata (Defr.), is 
abundant in the Upper Cretaceous (Scaglia) of the Southern Alps and the 
Apennines. 

Family 5. Spatangidae Wright. 

Test ovoid or cordiform , longer than broad } with numerous plates, and usually 
with an anterior' groove . Ambulacra in a bivium and trivium , the anterior differing 
from the others in shape and construction , . Pore-pairs of the petaloid parts differing 
from the others. Fascioles present or absent. Cretaceous to Eecent. 

<■ 

t 

Section A. Adetes. All fascioles absent. 

Isaster Desor. Petals not closed. Peristome large, with a posterior 
labrum. Cretaceous. 

Epiaster d’Orb. ( Macrastcr Eoemer). Anterior Amb in a groove ; paired 

Amb petaloid dorsally, with 
elongate, unequal pores. I Amb 
tumid dorsally. Peristome trans- 
verse, tumid in front, and usu- 
ally with a projecting labrum. 
Periproct longitudinal, supra- 
marginal. Cretaceous. 

Toxaster Ag. (E chino spatagus 
Breyn.) (Fig. 416). Anterior 
Amb in a broad shallow groove, 
with unequal pore-pairs. Paired 
Amb sub-petaloid, flexuous, with 
unequal poriferous areas and 
unequal pore - pairs. Peristome transverse, sub - circular or pentagonal. 
Tubercles small, perforate and crenulate. Abundant in Lower and Middle 
Cretaceous. 

Ennalaster d’Orb. (Heter aster d’Orb.). Petaloid parts of antero-lateral Amb 
divergent, flexuous, tending to close, and with very unequal poriferous areas, 
of which the posterior are the largest ; pore-pairs oblique. Postero-lateral 
Amb short, divergent. Peristome labiate, wide, arched in front. Periproct 
in posterior truncation. Cretaceous. 

Hemipatagus Desor (Fig. 417). Test small, cordiform. Anterior Amb 



Fig. 416 . 

Toxaster complanatus Ag. Neocoiman ; Auxerxe, Tonne, i/i- 
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with small pores in a shallow furrow. Paired Amb long, petaloid, nearly 


as 


■isysw 


Ham pataijuslinfriMiuii Goldf. Oligocene ; 
Doberg, near Bunde. .1, Dorsal view 
H, Protile 0, Ventral aspect. 1/1 (after 
Goldfuss). 




flush. The lateral I A mb with a few large perforate and crenulate tubercles 
in deep scrobicules. Periproct supra-marginal. Tertiary. 

Platybrissus Grube. Recent. Palaeopneustes A. Ag. Recent, and perhaps 
Eocene. 

Section B. Prymnadetes. Suhanal fasciole absent , other fascioles present. 
Hemiaster Desor (Fig. 418). Anterior Amb in a shallow groove, the pores 


m 


LlntKia hebertl Cotteau. Eocene ; Lomgo, near Vicenza. 3 / 4 natural size (after Dames). 

oblique, and in pairs on either side. Antero-lateral Amb petaloid dorsally, 
sunken, diverging, and much longer than the postero-lateral. Pores of the 
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petaloid parts conjugated, the outer ones usually the largest. Peripetalous 
fasciole present. 

Subgenus Tripylus Pliill. {Abatus Troschel). Recent. 

Faorina Gray. Recent. Pericosmus Ag. Cretaceous and Tertiary. 
Linthia Merian (Desoria Gray) (Fig. 419). Anterior Amb in a deep 
groove, the pores round and small, in pairs on either side. Antero-lateral 
Amb longer and more divergent than the others, with petals sunk in grooves. 
Pores conjugated. A peripetalous and lateral fasciole present. Cretaceous 
to Recent. 

Schizasfer Ag. (Figs. 420, 421,). Resembling Linthia , but the apical system 
is posteriorly eccentric, and the Amb very diverse. 
Tertiary and Recent. 

Prenaster Desor; Ornithaster and Coraster Cotteau. 
Eocene. 

Agassizia Yal. ; Moira A. Ag. Tertiary and Recent. 


Fiu. 420. 

Sehizctbter archaci Cott 
Eocene; San Giovanni Ila- 
rione, near Vicenza. 


'opsis A. Ag. Recent. 



Srluza&ter fraqilis Ag. Apical sys- 
tem, greatly enlarged (after Loven) 



M tempter c uranyamus 
(Lam.). Apical system. 



Section C. Prymnodesmia. Subanal fasciole present 


Micraster Ag. (Figs. 422, 423). Test cordiform, tumid, rather depressed. 
Anterior Amb apetaloid, in a shallow depression; antero-lateral Amb sub- 
petaloid dorsally, diverging; postero-lateral shorter than the others, with 



Fxo. 423. 

Micraster cortesiutlinarivs Goldf. Wlnte Chalk ; Meudon, near Paris. Natural size. 
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elongate, conjugated pores. Periproct supra-mai'ginal ; apical system eccentric 
in front. Broad subanal fasciole. Abundant in Middle and Upper Cretaceous ; 
less common in Eocene and Miocene. 

Brissns Gray ( Brissomorpha Laube) ; Meoma and Met alia Gray. Tertiary 
and Recent. Bhinobrissus A. A g. Recent. 

Brissopsis Ag. (. Deakia Pavay) (Fig. 424). Amb unequal, bare and large 
near the peristome. Anterior Amb slightly sunken, with 
small pairs of close pores. Paired Amb sunken, the 
antero -lateral pair sub -petaloid, equal to or larger than 
the postero -lateral, straight or curved. A subanal and 
peripetalous fasciole. Tertiary and Recent. 

Subgenus Cyclastcr Cotteau. Antero - lateral Amb divergent. 

Eocene. 

Brissopatagus Cotteau. Allied to Brissopsis. Eocene. 

Spatangus Lam. Anterior Amb in a broad, deep groove, 
with distant pairs of small pores. Paired Amb petaloid, 
with broad, sunken poriferous areas. Periproct large, 
supra-marginal, transverse. IAmb with large crenulate 
and perforate primary tubercles, and fine granulation. Subanal fasciole only. 
Tertiary and Recent. 

Maretia Gray. Tertiary and Recent. 

Bupatagus Ag. Anterior Amb in a shallow, abactinal depression, narrow, 
and with small, distant pore-pairs. The paired Amb petaloid dorsally, long, 
wide, closed; poriferous areas broad, more or less sunken; pores dissimilar. 
Peripetalous and subanal fasciole. Tertiary and Recent. 

Subgenus J lacropneustes Ag. ( Perip wastes Cott.) (Fig. 425). Test large, thick, cordiform. 
Petals elongate or broad, grooved or semi-flush, open or imperfectly closed. Poriferous areas 
of equal width with the interporiferous. Eocene and Recent. 



Fig. 424. 

Bri ss op]s is ly r i/e ra 
Forbes. Apical system, 
enlarged (after Loven). 


Gualtieria Desor ; Eocene. 
Desor ; Lovenia Ag. and Desor. 


Echinocardium Gray (Fig. 
Tertiary and Recent. 


371, F ) ; Breynia 


Section D. Apetala. 

Ambulacra flush, apetalous , generally uniporous , and either similar or diverse; 
plates high , few , often hexagonal. Fascioles usually present 

Under this head are included the following Recent genera, all but the first 
two of which have fascioles : Genicopatagus and Palaeobrissus A. Ag. ; Aceste 
Wyv. Thomson ; Aeropsis Mortensen ; Palaeotropus Loven ; Homolampas , 
Argopatagus A, Ag. ; and Cleistechinus de Loriol. Miocene. 

Family 6. PaJaeostomatidae Mortensen. 

Test thin , ovoid. Apical system with three genital plates fused into one. 
Peristome eccentric in front, pentagonal , with five angular plates. 

Palaeostoma Lov4n (Leskia Gray). Recent ; China, East Indian Islands. 
Family 7. Pourtalesiidae Loven. 

Test very elongate , sub-cylindrical or obconical, truncated anteriorly , flat actinally . 
Peristome in a deep anterior recess ; periproct actinal , or above the projecting posterior 
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rostrum when such is present. Ambulacra flush , apetalous, sometimes discontinuous ; 



Pig. 425. 


pores single or slit-like. 

Pourtalesia 3 Spatagocystis 
and Echinocrepis A. Agassiz. 
Recent. 

Order 5. PLESIOCIDA- 
ROIDA Duncan. 

Test regular , endocyclic . 
Genitals largely covering the 
dorsal surface . Two columns of 
low simple plates in each am- 
bulacral area and three columns 
of plates in each interambulacral 
area . Plates not imbricate. 
Prim or dial interambulacral 
plates in basicoronal row. Base 
of corona not resorbed. Oculars 
small , strongly exsert by the con- 
tact of large genitals. Peri- 
prod central , structure unknown. 
Peristome central , structure un- 
known. Lantern and perigna- 
thic girdle unknown. 

Family 1. Tiarechinidae 
Zittel. 

The single primordial plate 
of the interambulacra followed 
by three elongated plates only , 


Macropneustes meneghimi Desor. Eocene ; Monte Spiado, near 
Vicenza. 


one on either side of a narrow 
median plate. Trias. 


Tiarechims Neumayr (Pig. 426). The test of this unique genus is very 
small, flat actinally, and sub-hemispherical dorsally. Below the ambitus and 


actinally the ornament consists of a plain 
primary tubercle to each plate ; elsewhere the 
test is coarsely granular, including the very 
large apical system. The solitary species, 
T. princeps (Laube), occurs in the Trias of St. 
Cassian, Tyrol. 

Our knowledge of this genus and family is 
based largely on Lov6n’s study of a single 
minute specimen. As it has three columns 
of plates in an interambulacral area, it is 
considered a further remove from the primi- 


A U 



-> 

Pig. 426. 


Tiarechinus pniuxpa (Laube). Upper Trias ; 
St. Cassian, Tyrol. Ventral and lateral 
aspects, much enlarged (after Loven). 


tive than those types with two columns. Three plates, representing three 


columns, immediately succeeding the primordial interambulacral plate, is a 


unique character in Echini. 
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Order 6. ECHINOCYSTOIDA Jackson. 

Test irregular , periprod apparently in an interambulacrum . Tico to four 
columns of plates in an ambulacral area , and eight to nine columns of plates in an 
interambulacral area . Plates thin , imbricating . Oculars and genitals doubtful. 
Silurian. 

Members of this order have been considered primitive, but structural 
evidence is opposed to this view.. This order includes the only exocyclic 
Echini excepting that of the Exocycloida. The species are incompletely 
known. 


Family 1 . Palaeodiscidae Gregory. 

Two columns of plates in an ambulacral area and eight to nine columns of plates 
in an interambulacral area. Primordial interambulacral plates in basicoronal row. 
Base of corona not resorbed. Peristome with ambulacral plates only . Lantern 
inclined , typically echinoid. Numerous fine spines. 

Palaeodiscus Salter. With characters of the family. The only genus 
known, many rows of ambulacral plates on the peristome. Silurian ; 
England, 


Family 2. Echinocystidae Gregory. 

Four columns of plates in an ambulacral area , and eight columns of plates in an 
interambulacral area. Small primary spines and tubercles. Jaws. 

Echinocystites Wyv. Thomson ( Oystocidaris Zittel). With characters of the 
family. The only genus known. Silurian ; England. 


Order 7. PERISCHOECHINOIDA M‘Coy. 

Test regular , periprod within the oculogenital ring. Two to twenty columns of 
simple plates in each ambulacral area, and three to fourteen columns of plates in each 
interambulacral area. Plates imbricate or not . Primordial ambulacral plates on 
peristome. Primordial interambulacral plates in basicoronal row, or resorbed . Base 
of corona not resorbed or resorbed. Oculars usually all inseii. Genitals small, 
typically with more than one pore each; rarely (Lepidechinus) with one pore each. 
Madreporite usually not recognisable. Periprod covered with many thick plates. 
Peristome with many rows of ambulacral plates only, (yr in addition with interradial 
nomambulacral plates. Lantern inclined, composed of forty pieces, teeth grooved, 
foramen magnum moderately deep, epiphyses narrow, no pits in top of pyramids. 
Spines primary and secondary , or the latter only. Primary tubercles peif orate, 
secondary tubercles imperforate. Silurian to Permian. 

This order includes the majority of Paleozoic Echini. All are specialised 
in having multiple columns of interambulacral plates, and in many genera 
multiple columns of simple ambulacral plates as well ; the order is therefore 
considered a further remove from the primitive than are those orders 
with two columns of both interambulacral and ambulacral plates. 
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Family 1. Archaeocidaridae M‘Coy. 

Two columns of plates in an ambulacral area . Four to eight columns of plates 
in an interambulacral area , imbricating . Primordial and additional interambulacral 
plates are resorbed in the advance of peristome . Oculars , genitals and periproct 
imperfectly Inown. Peristome with many rows of ambulacral and interradial non- 
ambulacral plates . Spines large primaries with perforate tubercles in the centre of 
each interambulacral plate , also secondary spines and imperforate tubercles . Devonian 
to Permian. 

Eocidaris Desor. Known from fragmentary interambulacral plates and 
spines, primary tubercles of plates without a basal terrace. Only one species 
is recognised, E. laevispina (Sandb.). Devonian ; Germany. 

Archaeocidaris M‘Coy. Ambulacral plates all alike, of equal height. Four 
columns of plates in an interambulacral area. Primary spines large, tapering 
or inflated, smooth or with lateral spinules. Primary tubercles with basal 
terrace and scrobicular ring. Many species fragmentarily known. The most 
completely known are A. wortheni Hall (Figs. 366, e\ 371, C\ 427, A-C ), 
A . rossica (Buch), A. urii (Flem.). Lower Carboniferous and Carboniferous ; 
Europe and North America. Permian ; North America and India. 


A 



Fig. 427 . 


Arfliaencidaris v'Oftheni Hall. Lower Carboniferous; Burlington, Iowa. A, Portion of ventral region, 
showing jaws, 1 / i . B, An IAmb plate viewed from above and from the side. C, Portion of Amh, enlaiged. 
JD, Spine of A. IceoLuk HalL Lower Carboniferous ; Warsaw, Illinois (aitpr Hall). 

Lepidocidaris Meek and Worthen. Ambulacral plates low, with also higher, 
wider and wedge-shaped plates. Six to eight columns of plates in an inter- 
ambulacral area. Primary spines cylindrical. Primary tubercles with no 
basal terrace, hut with a scrobicular ring. Lower Carboniferous ; North 
America. 

Family 2. Lepidocentridae Lov&n. 

Two columns of plates in each ambulacral area. Five to fourteen columns of 
plates in an interambulacral area. Primordial interambulacral plates in basicoronal 
row . Base of corona not resorbed . Oculars insert. Genitals with many pores each . 
Peristome with many rows of ambulacral plates only. Spines small eccentrically 
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placed primaries with secondaries , or the latter only . Silurian to Lower 

Carboniferous. 


Koninckocidaris Dollo and Buisseret. Test high, probably spheroidal; 
ambulacral plates high, two or three equalling the height of an adambulacral 



A, Lejntlorentrun ? henanm (Beyr ). ‘Devonian; Wipperfurth, Eifel. Ca>,t of the interior of test showing 
.laws, Vi (after J. Mullei). B-D, Lejndorciitrus mulleu Schultze. Devonian ; Gerolstem, Eifel. Portion of 
A >nh, enlarged. C, Several IAmh plates, 1/1 ' A Two detached IAinh plates, showing oblique edges, 3; x . 


plate, pore-pairs uniserial. Seven to eight columns of nearly rhombic plates 
in an interambulacral area. K. silurica Jackson. Silurian ; North America. 
K cotteaui Dollo and Buiss. Lower Carboniferous ; Belgium. 

Lepidocentrus Miiller (Fig. 428). Test high, spheroidal, ambulacral areas 
narrow throughout ; ambulacral plates low, about eight equalling the height 



Fir,. 420. 


A, HyattecMnus pentagnnus Jackson. External sandstone moulds. Lower Carboniferous ; Meadville, 
Pennsylvania. Ventral view showing introduction of columns and accelerated development of mterambulacra. 
B, The same, dorsal view, showing fourteen columns in each interambulacral area and the dropping out 
of some columns dorsally. Both figures o/io natural size (after Jackson). 


of an adambulacral plate, pore-pairs uniserial. Five to eleven columns of 
plates in an interambulacral area. Small primary spines and tubercles with 
secondaries on interambulacral plates. Devonian; Germany and North 
America. Lower Carboniferous ; North America. 

Eyattechinus Jackson (Fig. 429). Test depressed to flattened; through 
the ambitus circular, pentagonal or clypeastriform. Ambulacral areas broad, 
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petaloid ventrally, narrow dorsally, pore-pairs uniserial. Eleven to fourteen 
columns of plates in an interambulacral area. Small primary and secondary 
tubercles on interambulacral plates. This genus is highly specialised, 
particularly as regards the inter ambulacra which attain the greatest number 
of columns of plates and the most accelerated development of the same known 



Pig. 430. 

A, Palaceclu nus quadriscriaMs Wright. Lower Carboniferous; Rathkeale, County Limerick, Ireland, i/i* 
B, Apical disk of same, Restorations indicated by dotted lines. C, Same species, Middleton, County 
Cork, Ireland. Ambulacra! detail, enlarged (after Jackson). 


in Echini. H. rarispinus (Hall) is a greatly flattened species, H. pentagonus 
Jackson is pentagonal in outline, and H. beecheri Jackson is ventrally 
flattened and bilaterally symmetrical. Lower Carboniferous ; North America. 

Pholidechinus Jackson. Test high, spheroidal, ambulacral areas narrow 
throughout, pore-pairs moderately biserial. Nine to ten columns of plates in 
an interambulacral area. Secondary spines and tubercles only. Lower 
Carboniferous ; North America. 
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Family 3. Palaeechinidae M e Coy. 

Ted elliptical , obovate , spherical or subspheroiilal. Two to twelve columns of 
plates in each ambulacral area, three to eleven columns of plates in each inter- 
ambulacral area . Plate s not imbricate , but ambulacral plates level over the 
interambulacral on adradial sutures . Primordial interamlul acral plates resorbed . 
One row only of interambulacral plates resorbed in advance of the peristome. Oculars 
usually all insert, genitals usually with three to five pores each . Peristome with 
many rows of ambulacral ancl some inter radial non-ambulacral plates (Fig. 371, D). 
Secondary spines and imperforate tubercles only. Silurian (?), Lower Carboniferous. 

This family includes more species than any other in the Paleozoic. It 
contains genera with complex ambulacra composed of more than two columns 
of simple plates in an area, and the species in development pass through 
stages like those of adults in all lower species or genera in the family. The 
interambulacral plates are very definite in form, and the incoming of columns 
indicate stages in development. 

Palaeechinus M‘Coy (Figs. 367, i\ 430; 431). Two columns of plates in 



Palaeechinus elegans M‘Coy. Lower Carboniferous Limestone ; Ireland. *4, Test, 3 /i (after M'Coy). 

U, Apical system, more than twice enlaiged (after Jackson). 

each ambulacral area, consisting of plates which are all primaries ; pore-pairs 
uniserial. Four to six columns of plates in each interambulacral area. In 
this lowest genus the ambulacral detail is like that seen as a developing stage 
in the higher genera of the family. The test is elliptical, P. guadriserialis , 
or nearly spherical, P. elegans. Lower Carboniferous ; Europe and North 
America. 

Maccoya Pomel (Fig. 367, S). Two columns of plates in each ambulacral 
area, consisting of plates which are alternately primaries and partially or 
completely occluded ; pore-pairs biserial. Four to eight or nine columns of 
plates in each interambulacral area. In this genus, ventrally and dorsally, 
ambulacral plates as stages in development are all primaries as in Palaeechinus. 
M. phillipsiae Forbes is attributed to the Silurian (?) of England, other species 
Lower Carboniferous ; Europe and North America. 

Lovenechims Jackson (Figs. 367, l ; 432). Four columns of plates in each 
ambulacral area, consisting of demi- and occluded plates ; pore-pairs biserial. 
Four to seven columns of plates in each interambulacral area. While in this 
genus there are four columns of ambulacral plates at the mid-zone, primary 
plates as a stage occur ventrally and dorsally, L . septies. In L. missiouriensis 
(Jackson) primary with occluded plates exist both ventrally and dorsally as a 


304 ECHINODERMATA— ECHINOZOA ph\lum iv 

second developmental stage. Lower Carboniferous ; Europe and North 
America. 

Oligopoms Meek and Worthen (Fig. 367, m). Four columns of plates in 
each ambulacral area, consisting of demi-, occluded, and in addition scattered 
isolated plates ; pore-pairs multiserial. Four to nine columns of plates in each 



Pig. 432. 

LoiciiccTiinus scpties Jackson. Lower Carboniferous ; Boonville, Missouri. -4, In tlie centre, spread out to 
show structure and development, dotted lines indicate restorations B, Lower left-hand figure, developing 
ambulacrum ventrally. G', Lower right-hand iigure, ambulacrum near mid-zone. D, Upper right, developing 
ambulacrum dorsally. E, Upper left, apical disk with coronal contact. A, Natural size ; other figures throe 
times enlarged (after Jackson). 

interambulacral area. This genus differs from Lovenechinus in that it has 
isolated plates in addition to the four columns of ambulacral plates. Lower 
Carboniferous ; North America. 

Melonechinus Meek and Worthen ( Melonites Norwood and Owen). (Figs. 
366, d; 367, n ; 371, D\ 433). Sis to twelve columns of plates in each 
ambulacral area, consisting of demi-, occluded and one to four irregular 
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columns of isolated plates in each half-area at the mid-zone ; pore-pairs 
multiserial. Three to eleven columns of plates in each interambulacral area. 
This genus has fourteen species with a wide range of characters. The lowest 
species, M. dispar (Fischer von Waldheim) has six columns of ambulacra! 
plates, and is thus only one remove from Oligoporus. The highest species, 
J\I. giganieus (Jackson) has twelve columns of ambulacra! plates. At the 
ventral border of the ambulacra there are typically four columns of plates 
like the adult of Lovenechinus. From this stage passing dorsally isolated 
plates first appear like Oligoporus , then additional columns, until the number 



Fig. 433. 

Melonechinus uiultipoi us (Norwood and Owen) Lower Carboniferous ; St. Louis, Missouri. A, Test, 
1 h natural sue. JS, Apical system, slightly enlarged (after Meek and Worthen). 


characteristic of the species is attained. Dorsally some primary plates occur 
next the oculars. Each species of Melonechinus presents developmental stages 
in the ambulacrum like the adults of all lower genera, and lower species in 
the family. The interambulacrum may have as few as three columns of 
plates, as in M. obomtus Jack., which is the least known in the family, though 
this species has ten columns of ambulacral plates ; or there may be eleven 
columns of plates as in the extreme form, M. giganieus (Jackson). Between 
the extremes every step is represented in the genus by developmental or 
adult characters, or both. Plates of the test are often very thick, and usually 
more or less strongly elevated melon-like ribs occur in both ambulacra and 
interambulacra, though these may be obsolescent or wanting, M. etheridgii 
(Keeping). The peristome is known only in this genus for the family 
(Fig. 371, JO). Lower Carboniferous; Europe and North America. 


Lepidesthidae Jackson. 

Test elliptical , obovate , spherical or subspheroidal. Tivo to twenty columns of 
plates in each ambulacral area. Three to thirteen columns of plates in each inter - 
ambulacral area , Plates imbricate . Primordial interambulacral plates in basicoronal 
row. Base of corona not resorbed. Oculars usually all insert , genitals with one to 
many pares each . Periproct plated with many thick plates . Peristome with many 
rows of ambulacral plates only. Primary spines uMh perforate tubercles , usually 
VOL. i x 
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eccentric and irregularly distributed on iniermibulacral plates , with secondary spines 
and tubercles , or the latter only . Devonian to Permian. 

This family presents a wide range of characters, and includes species with 
very specialised features, particularly as regards an extreme development of 
ambulacral areas. 

Lepidechinus Hall (Bhoechinus Keeping). Two columns of plates in each 
ambulacral area. Four to eight columns of plates in each interambulacral 
area. Plates quite thick, imbricating moderately. Secondary tubercles only. 
Genital plates as far as known with only one pore each, the only instance 
known in the Paleozoic. This genus, the lowest of the family, differs from 
Palaeechinus which it approaches, principally in the fact that the plates are 
imbricate. The genus has been misunderstood because Hall referred to 
it the species rarispinus , which is now referred to Hyattechinus. Lower 
Carboniferous ; Europe and North America. 

Berischodomus JVPCoy (Fig. 366, h). Two columns of plates in each am- 
bulacral area. Five columns of plates in each interambulacral area. Plates 
imbricating strongly. Eccentric perforate primary with secondary tubercles 
on interambulacral plates. Genital plates with many pores. The most 
completely known species is P. biserialis M‘Coy, Lower Carboniferous of Great 
Britain; a second imperfectly known is P, illinoisensis Worthen and Miller, 
Lower Carboniferous ; North America. 

Perischocidaris Neumayr. Six columns of plates in each ambulacral area. 
Five columns of plates in each interambulacral area. Plates apparently 
imbricating moderately. Eccentric primary tubercles on certain adradial 
plates, with secondary tubercles on the same and usually alone on other 
interambulacral plates. Lower Carboniferous ; Ireland. 

Proterocidaris Koninck. Four columns of plates in each ambulacral area. 
Twelve to thirteen columns of plates in each interambulacral area. Plates 
strongly imbricating. Small primary with secondary spines and tubercles on 
interambulacral plates. Lower Carboniferous ; Belgium. 

Lepidesthes Meek and Worthen (EyboecHnus Worthen and Miller) (Figs. 
365, 367, 0 ; 434). Eight to sixteen columns of plates in each ambulacral 
area. Three to seven columns of plates in each interambulacral area. Plates 
are strongly imbricating and are all of uniform size. Secondary spines and 
tubercles only. Test elliptical, obovate or spherical. This genus has more 
species and a wider geological range than any other of the family. Ambulacral 
plates are very regular in form, either rhombic or hexagonal. There may be 
as many as sixteen columns of ambulacral plates in an area, e.g. L . colletti 
White, in which species with an extreme ambulacral development there are 
only four columns of interambulacral plates (Fig, 434). In one species, 
Z. wortheni Jackson, there are eight columns of ambulacral plates with only 
three columns of interambulacral at the mid-zone, but there are four columv 
ventrally as a youthful stage. Devonian ; Great Britain. Lower Car- 
boniferous; Russia, Great Britain, North America. Carboniferous; North 
America. , 

Pholidocidaris Meek and Worthen ( Protocidaris Whidborne). Four to six 
columns of plates in each ambulacral area. Five to six columns of plates in 
each interambulacral area. Plates strongly imbricating, Ambulacral plates 
large ventrally, small dorsally ; interambulacral plates dorsally very large in 
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idambulacral columns, smaller within. Eccentric primary spines and tubercles 
with secondaries on dorsal adambulacral plates, and secondaries only on 
interambulacral plates of dorsal median columns. This peculiar and specialised 
genus is known best from the type species P. irregularis (Meek and Worthen). 
Devonian ; Great Britain. Lower Carboniferous ; Europe, North America. 



5 


Fig. 434. 

Lepidestlies colletti White. Lower Carboniferous ; Montgomery County, Indiana, x S 1 /* 
Madreporite and periproctal plates distinct (after Jackson). 

Meehechinus Jackson (Fig. 435). Twenty columns of plates in each 
ambulacral area. Three columns of plates in each interambulacral area. 
Plates of uniform size, imbricating strongly. Small central primary spines 
and tubercles with secondary spines and tubercles on ambulacral and inter- 
ambulacral plates. Teeth distally serrate, a unique character. This genus 
with a single species is one of the most specialised of known Echini, also it 
is the geologically latest representative of its family. The twenty columns 
of ambulacral plates occur only near the mid-zone, as further dorsally less 
columns exist. This is the only Echinoid from the Paleozoic in which 
pedicellariae have yet been found. Permian ; North America. 
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Geological Range and Distribution of the Echinoidea. 

Fossil Echini make their first appearance in the Ordovician, but are then 
represented by but a single genus, Bothriocidaris , which on structural grounds 
is a highly primitive type. In the Silurian of Great Britain occurs 
the order Echinocystoida, and in the American Silurian, KonincJcocidaris , first 
of the Lepidocentridae. In the Devonian one possible Cidarid occurs in 
Europe and a number of genera of the Perischoechinoida in Europe and North 



Fig. 435 . 

Meekechinus elegans Jackson. Permian ; Grand Summit, Kansas. Dorsal view of test with a distinct 
madreponte and other apical plates, enlarged, 2 /i. Lower left-hand figure, ambulacral plates with spines more 
enlarged. Lower right-hand figure segment of mterambulacrum with spines still more enlarged. Upper left- 
hand figure, pedicellaria much enlarged, «/i (after Jackson). 

America. In the Lower Carboniferous the Cidarids are represented by one 
species of Miocidaris ; otherwise the whole Eehinoid fauna is composed of the 
Perischoechinoida, which order finds here its greatest development in genera 
and species. 
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In the Carboniferous very few Echini are known, and these belong to the 
Perischoechinoida. The same order is represented by a few types in the 
Permian which, with a single species of Miocidaris representing the Cidaroida, 
are the only Echini known. 

In the Trias, Cidarids occur and also the earliest representatives of the 
Centrechinoida. In the same horizon also occurs Tiarechinus , representing 
the peculiar order Plesiocidaroida. 

Especially rich in regular Sea-urchins, as well as in members of the 
Echinoneidae, Cassidulidae and Collyritidae are the Middle and Upper Jura 
of England, France, Germany, Switzerland, the Alps and Northern Africa. 
The Lower Cretaceous of the same region exhibits no essential change in 
the Echinoid fauna ; but the advent of large numbers of the Ananchytidae 
and Spatangidae in the Middle and Upper Cretaceous of Europe, Northern 
Africa, Asia and North America imparts to these horizons a characteristic 
appearance. 

During the Tertiary the Cidaridae notably decline, the Echinoconinae 
become entirely extinct, and the Clypeastroids and Spatangoids advance con- 
spicuously into the foreground, taking on more and more the semblance of 
Eecent species. Tertiary Echinoids are of world-wide distribution and are 
particularly plentiful in the Nummulitic Limestone of Europe, Northern 
Africa, Asia Minor and India. 

As to phylogenetic relationships, it is believed that structure and develop- 
ment should be the basis for such studies. While it is earnestly desired that 
we should find fossils in the proper geological horizons representing every 
step in a genealogical sequence, it must be remembered that in the older 
Paleozoic formations (Silurian and Devonian) Echini are extremely rare. 
Eecent studies have yielded many new Paleozoic forms and have considerably 
extended the geological range of genera, families and orders, so that it is not 
too much to expect that future discoveries will yield material of first 
importance to a knowledge of the group. Echini are an essentially circum- 
scribed group and no known type presents a close approach to any other class 
of Echinoderms. Though the ancestor of the class is unknown, it seems that 
it might fairly be sought among the Cystids. 

The most primitive known Echinoid structurally is the Ordovician 
JBothriocidaris, sole representative of its order, which in the adult has 
characters that appear as stages in development in all other orders of Echini. 
Bothriocidaris , with ten columns of ambulacral and five columns of inter- 
ambulacral plates, in these characters represents the simplest known type. 

The next step structurally is ten columns of ambulacral and ten of inter- 
ambulacral plates. This structure is the character of the Cidaroida, 
Centrechinoida and Exocycloida. Of these orders the Cidaroida with simple 
ambulacral plates is certainly the most primitive as well as geologically the 
oldest. The Centrechinoida typically have compound plates formed by the 
coalescence of simple plates. Of this order the Aulodonta are the most 
primitive group, make the nearest approach to the Cidaroida structurally, and 
also geologically are the oldest of the order. The Stirodonta as regards the 
structure of the lantern (keeled teeth) are further removed from the primitive 
than the Aulodonta. The Camarodonta are the last expression of differentia- 
tion of the Centrechinoida in regard to the structure of the lantern (keeled 
teeth with wide epiphyses joining in suture over the foramen) and also in 
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ambulacral differentiation. This group appears last geologically and has its 
fullest expression at the present time. The Exocycloida with an eccentric 
periproct is a homogeneous group. The structure of the lantern (keeled 
teeth) with other characters affiliate the basal members with the Stirodonta. 
Of this order the Holectypina on the basis of the lantern structure, perignathic 
girdle and ambulacral detail, make the nearest approach to the Stirodonta. 
The Clypeastrina, by the characters of the lantern, perignathic girdle and 
petaloid ambulacra composed of simple plates, are further removed from the 
primitive than the Holectypina. The Spatangina, which have lost the lantern 
in adults and have attained an extreme of differentiation in ambulacral 
structure, bilaterality and an eccentric peristome, may well be considered the 
most specialised group of the Exocycloida, and therefore the furthest removed 
from the primitive. 

Up to this point each order is characterised by having two columns of 
ambulacral plates, and either one or two columns of plates in each inter- 
ambulacral area. The next step in structural differentiation is two columns 
of ambulacral and three columns of interambulacral plates. This is the 
character of the Plesiocidaroida which is further marked by an exceptionally 
large apical disc which is a primitive feature. 

The next step structurally is types with two or more columns of simple 
ambulacral plates and three or more columns of interambulacral plates, with 
a small apical disk which is a progressive character. The Echinocystoida 
with eight or more columns of interambulacral plates fall in this group. 
This order is incompletely known, especially as regards the apical disk and 
the periproct, which last appears to be eccentric in an interambulacrum, 
separating it radically from all of the Perischoechinoida. The Palaeodiscidae 
is the more primitive family, with two columns of ambulacral plates ; the 
Echinocystidae is the more specialised family with four columns of ambulacral 
plates. 

The Perischoechinoida include all remaining Echini ; primitive as regards 
the lantern, they are specialised in the interambulacrum, frequently in the 
ambulacrum, and also in having a small apical disk. The Archaeocidaridae 
have two columns of ambulacral plates and in so far are primitive, but they 
have from four to eight columns of interambulacral plates ; very large spines 
(for the Paleozoic) ; ambulacral and non-ambulacral plates on the peristome 
and much resorption of the base of the corona, specialised. The Lepido- 
centridae have also two columns of ambulacral plates. The family attains 
many (5 to 14) columns of interambulacral plates, progressive; ambulacral 
plates only on the peristome and no resorption of the base of the corona, 
primitive. The Palaeechinidae may have two columns of ambulacral plates 
only, but typically more (up to twelve) with three to eleven columns of 
interambulacral plates; plates not imbricate, secondary spines only, ambu- 
lacral with non-ambulacral plates on the peristome, slight resorption of the 
base of the corona. The Lepidesthidae may have two columns of ambulacral 
plates only, but typically more (up to sixteen or twenty) with three to 
thirteen columns of interambulacral plates, plates imbricate, primary and 
secondary spines, or the latter only, ambulacral plates alone on the peristome, 
no resorption of the base of the corona as far as known. 

In almost all of the above orders and families by the study of stages in 
development, characters have been found in which the individual repeats the 
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characters seen in the adults of the preceding series, or lower members of its 
own series. 


Geological Bange of the Echini 
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2. Temnopleuridae 
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[To Dr. Robert Tracy Jackson, of the Boston Society of ^Natural History, acknowledgments 
are due for having revised the preceding chapter on Ecbinoidea. A number of new illustra- 
tions have been reproduced from this author’s recently published monograph on the Phylogeny 
of the Echini. — Editor.] 
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Class 2. HOLOTHURIOIDEA von Siebold.* 

The Holothurians, or Sea-cucumbers, differ markedly from all other 
Echinoderms in their elongated bodies with little or no skeleton. The mouth 
and anus are with rare exceptions more or less nearly terminal at opposite 
poles, and the former is always surrounded by a circle of tentacles, 8-30 in 
number. The skeleton is represented by calcareous particles in the body 
wall, which are commonly microscopic and dissociated, but are sometimes 
several millimetres across, and in rare cases may even be closely united with 
each other* to form a rigid body wall. In some species skeletal particles are 
nearly or quite wanting. 

The paleontological evidence bearing on the history of Holothurians is 
very slight. Fossils occur in two forms, either as impressions or casts of the 



Fiu. 435 Us. 

Eldonm hiding i Walcott Middle Cambrian (Burgess shale formation); British Columbia. Specimen 
flattened m the shale and showing traces of internal organs, cr and rc, Central ring and radial canals ot 
vascular system ; i, Intestine ; o, Oral aperture ; oc, Oral chamber ; oe, Oesophagus ; a, Stomach ; t, 
Tentacles ; ul. Umbrella lobes, crashed and macerated ; x-z, Junction * point ofi stomach and intestine ; 
a, Position of anus. Natural size (after Walcott). 

whole animal, or as dissociated skeletal particles preserved in very fine 
limestones or shales. Of impressions or casts, the earliest described are 

1 Literature : Giebel , Q Zur Fauna des lithographischen Sehiefers von Solenhofen. Holotliu- 
rienreste. Zeits. f. gesammt. Naturw., 1857, vol. ix. — Schlumberger, Q., Note sur les Holothundees 
fossiles du Calcaire Grossier. Bull. Soc. Geol. France (3), 1888, vol. xvi. — Idem, Second Note 
sur les Holothundees fossiles. Bull. Soc. Geol. France (3), 1890, vol. xviii. — Ludwig, H., Die 
Seewalzen. Bronn’s Klassen und Ordnungen des Thierreichs, vol. ii,, part 3, 1889-92. — Span del, 

Die Echinodermen des deutscheu Zechsteins. Abb. Ges. Nurnberg, 1898, vol. xi. — Idem , Eme 
fossile Holothurie. Op. cit., 1900, vol. xiii. — Walcott , G. D., Middle Cambrian Holothurians 
and Medusae. Smiths. Misc. ColL, 1911, vol. lvii., no. 3. — Clark, J3~L., Fossil Holothurians. 
Science, 1912, n.s. vol. xxxv. — Clark, A. H., Restoration of Eldonia. Zool. Anz., 1912, vol. xxxix. 




CLASS II 


HOLOTHURIOIDEA 


313 


those made known by Giebel from the Lithographic limestone of Solenhofen. 
These he called Protholoturia, and though the material does not permit of exact 
generic determination, it bears a resemblance to certain Recent species of 
EolotJmria and Pseiidostichopus. The impression formed by the general appear- 
ance of these specimens that they really represent Holothurians is confirmed 
by the presence of characteristic calcareous particles on their surface. 

Recently, in the remarkably well-preserved fauna from the Middle 
Cambrian shales of British Columbia, Walcott has discovered some complete 
specimens of typical Holothurians, preserving many details of the original 
animals. Most of these species are referred by A. H. Clark to the family Elpi- 
diidae (a group of very remarkable Holothurians at the present time confined to 
the deep sea), but one of them, Eldonia (Fig. 435 bis), representing the new family 
Eldoniidae, was free-swimming like the Recent Pelagothuria , though structurally 
entirely different from that type, being most nearly related to the Elpidiidae. 

Dissociated calcareous particles referred to Holothurians have been 
described by a number of writers from the British Carboniferous rocks, the 
Zechstein of Germany, the Lias and Dogger of Lorraine, the Upper Jura of 
Franconia, the Cretaceous of Bohemia, the Eocene of Paris, the Oligocene of 
Offenbach, the Pliocene of Italy and the post-Tertiary of Scotland. A very 
large majority of these cannot be assigned to any particular genus or even 
family of Holothurians, and it is probable that many if not most are of other 
than Holothurian origin. There can be no question, however, that a part 
of this material is of real paleontological value. In particular the forms 
described by Schlumberger and by Spandel are worthy of attention. 

Spandel’s discovery of what seem to be unquestionable Holothurian 
spicules, like those characteristic of the genus Chiridota, in the Zechstein of 
Germany, is noteworthy. These spicules are distinctly wheel-shaped, but 
differ noticeably from those of Recent Chiridota in having 10-14 spokes instead 
of six. They thus show a certain resemblance to the wheels of Trochoderma 
and the first formed calcareous deposits of the larvae of Chiridota rotifera and 
certain Auricularias. Spandel’s later discovery of an Oligocene Synapta , and 
Schlumberger’s studies on the Eocene Holothurian spicules of the Oalcaire 
Grossier, show that during the Tertiary period the Synaptidae were already 
differentiated into the three Recent subfamilies, Synaptinae, Chiridotinae and 
Myriotrochinae. Beyond this grouping we cannot speak with any certainty. 

Our actual knowledge of fossil Holothurians may be summed up as follows : 

1. Holothurians allied to living members of the class existed in the Jurassic 
seas of Europe, and, according to Walcott’s interpretation, there is evidence 
that the typical expression of the group was already differentiated as early 
as the Cambrian. 

2. Holothurians of the^nlily Synaptidae, allied to Chiridota or Trochoderma 
occurred in the Permian seas^of Europe ; and at least as early as the Eocene, 
all three of the Rec^n^subfamilies of Synaptidae were differentiated. 

3. The PermiartHolothurian spicules are wheel-shaped but have numerous 
spokes as in Trochoderma, and resemble those of the larval Chiridota , not those 
of the adult. 

[The account here given of Holothurians, with the exception of the paragraph in regard 
to Cambrian representatives of the class, has been contributed by Dr. H. L. Clark of the 
Harvard Museum of Comparative Zoology. — Editor.] 



Phylum V. MOLLUSCOIDEA. 


Under the term Molluscoidea, Milne Edwards included the Bryozoa and 
Tunicata, of which the first had been previously regarded as Zoophytes, and 
the second as Molluscs. Huxley afterwards assigned the Brachiopoda to the 
same phylum. The Tunicata have more recently been regarded as an in- 
dependent animal type, and as possible progenitors of the Vertebrate phylum. 
Their remains, however, are unknown in the fossil state. Bryozoans, also 
called Polyzoa, are by some authors regarded as constituting a distinct phylum 
of invertebrates, but are here retained in association with Brachiopods. 

The typical Molluscoidea either secrete a calcareous shell, or are invested 
with a membranaceous or corneous covering. The respiratory organs lie 
anterior to the mouth, and are in the form of tentacles or fleshy spiral 
appendages. The mouth conducts into a closed alimentary canal. The 
nervous system is highly organised, and proceeds from a central ganglion, 
situated in most cases between the mouth and the anus. Reproduction is 
either sexual or, in Bryozoa, also takes place by budding. The ontogeny of 
the Molluscoidea is most nearly comparable with that of the Annelids. 

All of the Molluscoidea are water inhabitants ; the Bryozoans are largely, 
and the Brachiopods exclusively, marine forms. 

Class 1. BRYOZOA Ehrenberg. 1 

Small , almost always composite animals forming by gemmation variously shaped 
colonies , each zooid of which is enclosed in a membranaceous or calcareous double - 

1 Literature: d'Orbigny , A., Paleontologie francaise ; Terrain cretace, vol. v., 1850-51. — Hagenow \ 
F., Die Bryozoen der Maestricher Kreidebildung. Cassel, 1851. — Haime, J., Description des 
bryozoaires fossiles de la formation jurassique. Mem. Soc. Geol. de France, 2nd ser. vol. v., 1854. 
— Busk, G., Catalogue of Marine Polyzoa in the Collection of the British Museum (Parts i. and ii., 
Cheilostomata), 1852-54. (Part iii., Cyclostomata), 1875. — Busk , G. f Monograph of the fossil 
Polyzoa of the Crag. Palaeont. Soc., 1859. — GuJbb, W. M., and Horn, G. Monograph of the 
fossil Polyzoa of the Secondary and Tertiary Formations of North America. Journ. Acad. Nat. Sci. 
Philad., 2nd ser, vol. v., 1862. — Beissel , Ueber die Bryozoen der Aachener Kreidebildung. 
Haarlem, 1865. — Reuss , A. E., Several important papers in Denksclir. Akad. Wiss. Wien, vols. 
xxiii., xxxiv., 1863-74 ; and Palaeontographica, vol. xx., 1872-74. — Manzoni, A., Several im- 
portant contributions on Tertiary Bryozoans in Denkschr. Akad. Wiss. Wien, 1869-78, vols. 
xxix.-xxxviii. — Waters, W. A Numerous papers on Tertiary and Recent Bryozoa in Ann. and 
Mag. Nat. Hist, and Quar. Journ. Geol. Soc., 1879-92. — Hincks , T., History of the British Marine 
Polyzoa, 2 vols., 1880. — Vine, G. R., Reports on fossil Polyzoa. British Assoc. Reports, 1881-85. 
— Ulrich , E . O., American Palaeozoic Bryozoa. Journ. Cincinnati Soc. Nat. Hist., v.-vii., 1882-84. 
— Busk , 6?., Report on Polyzoa. Scient. Results Challenger Exped. , Zoology, vols. x. and xvii., 
1884-86. — Hall , J., Lower Helderberg, Comiferoua, and Hamilton Bryozoa (Palaeont. N.Y., vol. 
vi.}, 1886. — Ulrich , E. 0., Palaeozoic Bryozoa. Geol. Survey Illinois, vol. viii., 1890. — Ulrich , 
E. 0., Lower Silurian Bryozoa. Geol. Survey Minnesota, Final Report, vol. iii., 1892. — Qanu, F., 
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walled sac (, zooecium ), and possesses typically a freely suspended alimentary canal 
with mouth and anus . Mouth surrounded ly a croicn of hollow , slender , ciliated 
tentacles arranged in the form of a circle or crescent. Usually hermaphroditic . 

The Bryozoa resemble certain Corals (Tabula ta) and Hydrozoans in tbeir 
external configuration, but differ from them radically in the possession of a distinct 
body cavity, a closed alimentary canal, a highly developed nervous system, and 
delicate respiratory tentacles surrounding the mouth. With the exception of the 
solitary genus Loxosoma, all Biyozoans live associated in colonies or zoaria, of greater or 
less extent, and of either calcareous, corneous or membranaceous composition. These 
colonies, which are formed by frequently repeated gemmation, present a multitudinous 
variety of form, habit and structure. Sometimes tbey grow into plant-like tufts, 
composed of a series of cells variously linked together ; very commonly they spread 
over shells and other foreign bodies, forming delicate interwoven threads, crusts of 
exquisite pattern, or hemispherical, globular or nodular masses of considerable size ; 
often they rise into branching stems, and fronds of varying width ; and at other times 
the cell-bearing branches form most regular and beautiful open-meshed lace-work. 

Each zooid or polypide is enclosed in a separate chamber (zocecium) of either 
utricular or more or less tubular form. Occasionally the zooecia are quite distinct 
from their neighbours ; more commonly, however, intercommunication is effected, 
either by means of minute “ connecting foramina 35 piercing the chamber walls, or 
by a common canal to which all the zooids are attached. A true coenenchyma, 
such as is found among the Coelenterates, never occurs, and coenenchymal gemmation 
is accordingly unknown ; but a somewhat similar “ vesicular tissue 33 not infrequently 
occupies the interzocecial spaces which have resulted from the erection of the zocecial 
tubes. 

Such vesicular tissue occurs constantly in the Fistuliporidae and Cystodictyonidae, and in 
the latter the primary, or even the prostrate cells, are not entirely contiguous. The upper 
walls of the vesicles, at least, are abundantly perforated ; and when with increasing age the 
vesicles become filled with a secondary deposit, these pores are not obliterated, but continue to 
pass through such deposits in the form of minute vertical tubes. Precisely the same kind of 
tissue occurs in other Bryozoans, notably among adult colonies of certain Fenestellidae, in 
which the expanded base of the colony is largely vesicular, and the fenestrules and spaces 
between the carinae of the branches are filled with vesicles for some distance up. The real 
purpose of this tissue is to support the zooecia and to strengthen the zoarium. 

However diverse the external aspect of the composite structure, the small animals 
themselves conform to a simple and quite definite type. Briefly, the soft parts consist 
of an alimentary canal, in which three distinct regions, an oesophagus, stomach and 
intestine, are recognisable. This is enclosed in a sac, and so bent upon itself that its 
two extremities, or openings, approximate ; one of them, the oral, being either entirely 
or partially surrounded by a row of slender, hollow and ciliated tentacles, which serve 
for respiration and for sweeping food toward the mouth. In most cases the anal 
opening is situated without the ring of tentacles (. Ectoproda ), rarely within the same 
(. Entoprocta ). Heart and vascular system are wanting, but a nervous ganglion, sending 

Numerous papers on Mesozoic and Cenozoic Bryozoa in the BulL Soc. Geol., France, 1897-1910. — 
Ulrich, E. 0., Eocene Bryozoa, Eocene volume, Md. Geol. Snrv., 1901. — Ulrich , E. 0. and Bossier, 
R. S., Miocene Bryozoa. Miocene volume, Md. Geol. Surv., 1904. — Ulrich , E. 0. and Bossier, R. S 
Revision of the Paleozoic Bryozoa. Smith. Misc. Coll., vols. xlv.-xlvii., 1904. — JEicklcs, J. M. and 
Bossier, R. S., Synopsis of American fossil Bryozoa. BulL 173, U.S. Geol. Surv., 1901. (Contains 
a list of all bryozoan literature and a bibliography of fossil forms .) — Bossier , R. S., Bryozoan Fauna 
of the Rochester Shale. Bull. 292, U.S. Geol. Surv., 1906. — Gregory, J. W., Cat. Cretaceous 
Bryozoa in British Museum, 2 vols., 1899 and 1909. — Levinsen, G. M. R., Cheilostomatous 
Bryozoa (Recent). Copenhagen, 1909. — Bossier, R. S ., Early Paleozoic Bryozoa of the Baltic 
Provinces. Bull. 77, U.S. Nat. Mus., 1911. — Hennig, A„ Gotlands Silurische Bryozoen. Arkiv 
Zool., 1908, vol. iv. — Canu , F., Iconographie des bryozoaires fossil es de F Argentine. Anal. Mus. 
Nac. Buenos Ayres, 1909-11, ser. 3, vol. x. — Lee, G. TF., British Carboniferous Trepostomata. 
London, 1912. 
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out delicate nerve filaments to the tentacles and oesophagus, lies between the mouth 
and anus. The upper or anterior part of the sac is generally flexible and admits of 
being in vagina ted by the action of numerous, longitudinal and transverse muscles, 
which traverse the fluid-filled visceral cavity. 

Reproductive organs are developed in various parts of the cavity, the spermatozoa 
usually in the lower, the ova in the upper portion. The ova may be developed in a 
special receptacle (marsupium) attached to the zooecium, or in an inflation of the 
surface of the zoarium (gonocyst) ; in other cases, a modified zooecium ( gonoecium ) is set 
apart for reproductive functions. The general term ocecium or ovicell is applicable to 
all of these structures. 

are provided with appendicular organs known as avicularia and 
Their functions are somewhat doubtful, some authors regarding 
them as food-procuring agents, and others as organs of defence. 
The avicularia may be immovably attached to the zooecium ; 
but, as a rule, especially among Recent forms, they are peduncu- 
late, and capable of considerable swaying motion. Often, as in 
Bugula and Bicellana , they resemble the head of a bird, con- 
sisting of a helmet-shaped upper piece, with a formidable hooked 
beak, and a mandible worked by powerful muscles. The jaws 
open and close with a perpetual snapping motion, and small 
organisms or other foreign particles happening in their way are 
seized and held with a tenacious grasp. The vibracula are 
flexible, bristle-like appendages, generally set in the excavated 
summit of a knob-like elevation, or on a blunt spine. 

The avicularia and vibracula are themselves incapable of 
preservation, but their former presence on fossil specimens may 
be generally determined by the slight pore-like excavations in 
which they were lodged. The tubular spines, or acanthopores , 
which are of such common occurrence in Paleozoic Bryozoans, 
were, in part at least, probably the supports of similar structures. 

The term lunarium is applied to a more or less thickened portion of the posterior 
wall in many Paleozoic Bryozoans, which is curved to a shorter radius and usually 
projects above the plane of the zooecial aperture. Mesopores are angular or irregular 
cells occupying interzooecial spaces in certain Paleozoic genera. 

Most Bryozoans are attached, either by the greater part of their surface, or only 
basally, to extraneous objects ; or they are moored to the bottom by root-like appen- 
dages. In many forms the zoarium is regularly jointed. The majority of genera 
inhabit the sea, and occur in all zones and at all depths ; only a few genera live in 
fresh water. The animals subsist chiefly on Diatoms, Infusorians and larvae. 

Glassification. — The classification of the Bryozoans remains as yet in an unsatis- 
factory condition. D’Orbigny’s comprehensive system is largely artificial, and 
although numerous modifications and improvements have been suggested by later 
authors, further revision has still to be undertaken. 

Lankester divides the class into two very unequal subclasses as follows : (1) 
Holobranchia, in which the lophophore or row of tentacles is unbroken, and either 
circular or horse-shoe shaped ; and (2) Pterobranchia, containing the single genus 
Bhabdopleura, which has the lophophore produced on either side into a plume-like 
process, so that the tentacles form a discontinuous series. 

A more modern system is to regard Bryozoans as a primary group or phylum, 
which is divided into two unequal classes, named by Nitsehe, Ectoprocta and Ento- 
procta 9 according as the lophophore surrounds the mouth only, or encloses both the 
oral and anal orifices. The first of these classes contains the bulk of the known 
Bryozoa. Furthermore, the marine forms, and practically all genera capable of pre- 
servation in the fossil state, are included in the subclass Gymnolaemata Allman. 


Many Bryozoans 
vibracula (Fig. 436). 



Fig. 436. 

Selcnaria maculata 
Busk. Recent. Enlarged 
portion of upper surface 
showing a Yibratulum 
and ovicell (after Busk). 
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This is distinguished from the remaining subclass, Phylactolaemata Allman (which 
includes the freshwater forms), by the complete abortion of the foot, and by the 
circular arrangement of the tentacles. 

The Mesozoic and Recent marine Gymnolaemata are almost universally divided 
into the three orders proposed by Busk : the Cyclostomata , Cheilostomata and Ct mo- 
stomata. To these Yine has added a fourth, the Cryptostomata, and Ulrich a fifth, 
the Trepostomata ; both of which serve mainly for the reception of Paleozoic forms. 

The detailed classification of the Mesozoic and Cenozoic Bryozoa, especially of the 
Cheilostomata, is less settled than that of the ancient types. This nonconformity is 
due in part to the widely different views prevailing among authors as to the relative 
value of the various characters upon which the groups are founded; and partly 
because the mode of growth and zoarial characters in general are much less constant, 
and, therefore, less reliable than is the case among Paleozoic representatives of the 
group. 


Subclass 1. GYMNOLAEMATA Allman, 


Order 1. OTENOSTOMATA Busk. 

Zocecia usually isolated, and developed by budding from the internodes of a distinct 
tubular stolon, or stem. Orifice terminal, with an operculum of setce. Zoarium horny or 
membranaceous i Marsupia wanting. 

All of the known Paleozoic Ctenostomata have been described by Ulrich and Bassler in their 
Revision of the Paleozoic Bryozoa, to which the student is referred for a discussion of these 
peculiar fossils. Mesozoic and Cenozoic Ctenostomatous Bryozoa are apparently rare and little 
study has been put upon them. In the Recent seas, the order QtmostomoLa, is specifically the 
least represented group of Bryozoa, although some of the species are quite abundant and 
widespread. 

A 

rn 

Family 1. Rhopalonariidae 
Mickles and Bassler. 


in a more or less pinnate 
manner, impressed or almost 
embedded in the host 

Ehopalonaria Ulr. (Fig. 
437, GF). Ordovician to Lower 
Carboniferous. 

? Terebripora d’Orb. Ter- 
tiary and Recent 

Family 2. Vinellidae 
Ulrich and Bassler. 

Creeping base of zoarium 
of simple or locally jointed , 
delicate , tubular threads or - 



Fio. 4sr. 

, AUoamafutiJbrme (N. and EL), 8 /i. 


B, C^VinelIa repent TJlr., 


law 1 
maria 


definitely marked centres. In - 

temodes with a single row of pores or , in one genus , closely punctate ; zocccia unknown. 
Vinella Ulrich (Fig. 437, B, C). Zoarium of very slender parasitic tubular threads 
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or stolons arranged radially ; surface with, a single row of pores. Ordovician to 
Lower Carboniferous. 

Heteronema Ulr. and B. (Fig. 437, F). Zoana as in Vinella but threads are with- 
out radial arrangement. Ordovician to Upper Carboniferous. 

Allonema Ulr. and B. (Fig. 437, A). Zoaria composed of distinct, minutely 
punctate vesicles or connected internodes. Silurian to Lower Carboniferous 

? Ptychoclcidia, Ulr. and B. Upper Carboniferous. 

Family 3. Ascodictyonidae Ulrich. 

Zoarict, parasitic, of pyriform porous vesicles arranged in radial clusters , or isolated 
and connected by delicate hollow threads . 

Ascodictyon Nich. and Eth. (Fig. 437, D, E). Silurian to Lower Carboniferous. 

Order 2. CYCLOSTOMATA Busk. 

( Bryozoaires centrifugine's d’Orbigny p.p ) 

Zocecia very simple , cylindrical , calcareous , tubular , usually without transverse parti- 
tions ; the orifices plain , inoperculate, not contracted , occasionally expanded ; walls thin , 
minutely porous ; apertural portion of zocecial tubes more or less rawed, bent outwards, 
free or in bundles ; the interspaces with or without solid or tubular strengthening deposits . 
Marsupia and appendicular organs wanting . Ocecium a large cell set apart for repro- 
ductive functions, or a mere inflation of the zoarial surface. 

The families and genera of this order are founded almost entirely upon the form of the 
zoarium, and the arrangement of the zocecia. The presence or absence of interstitial or 
accessory cells and vesicular tissue (all strengthening deposits) is also an important character. 

For many years it was customary to regard all Paleozoic Bryozoans as Cyclostomata, but 
the labours of Ulrich and Vine have clearly demons trated the fallacy of such an assumption. 
The families Ceramoporidae and Fistuliporidae, often regarded as Trepostomata or “ Monticuli- 
poroids,” are referred to the Cyclostomata because they agree with its most typical members in 
having amalgamated and minutely porous walls. In 1890 Ulrich discovered ovicells in certain 
genera of the Fistuliporidae, while more recently Bassler has shown the occurrence of the 
same structures in the more primitive Ceramoporidae. 

Suborder A. TUBULIPORBSfA Hagenow. ( Tubulata Gregory). 

Zocecia monomorphic , of elongated, cylindiical tubes grouped into bundles, sheets or 
linear series. The Tubuliporina comprise the typical Cyclostomata and in all probability 
give rise to the other suborders. 

Family 1. Orisiidae Busk. 

Zoaria dendroid, attached by radical tubes and composed of segments united by corneous 
joints. Zocecia tubular, disposed in single or double series. 

Crisia Lamx. ( Crisidia Johnst ; Filicrisia d’Orb.). Zoaria more or less distinctly 
articulated, the zocecia in a single or in two alternating series. Cretaceous to Recent. 

? Unicrisia d’Orb. Cretaceous. 

Family 2. Diastoporidae Busk (emend.). 

Zoaria adnate, adhering by the entire base or only at the centre , at other times rising 
into bifoliate leaves or hollow stems . Zocecia tubular, the apertu,re salient, rounded, never 
clustered. Interstitial cells wanting. Ovicells mere irregular inflations of the surface of 
the zoarium , with one or more openings. Ordovician to Recent 
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Stomatopora Broun (Alecto Lamx. non Leach) (Fig. 43S). Zoaria delicate, adnate, 
dicliotomously branching. Zocecia sub -tubular or elongate-ovate, arranged in a single 


A 


C 



Stomtoptun ihchutoma (Lamx.). 
Great Oolite, Ranulle, Calvados. 
A, Zoarium, 1 /i- B, same, en- 
larged. 


A, Corynoti'ypa ddicatnht (James). Utica Group ; Cincinnati, Ohio. 
Zocecia, B, C. injiata (Hall). Lorraine Group; Cincinnati, «>/i- 

C, Prolwcnw frotnlom Nieh. Lorraine Group ; Cincinnati, Ohio. Portion 
of a large zoarium, 12 ^ (after Ulrich). 


series ; apertures sub-terminal, usually smaller than the width of the cell Ordovician, 
Jura, Cretaceous, Tertiary and Recent. 

Corynotrypa Bassler (Stomatopora in part, auct.) (Fig. 439, A, B). Zoarium 
unilinear, adnate, with short to elongate, clavate zocecia. Ordovician to Devonian. 

Proboscina Audouin (Fig. 439, G). Like Stomatopora but zocecia arranged in two 
or more series. Ordovician, Mesozoic to Recent. 

Berenicea Lamx. (Dia stop ora Busk, non Lamx.) (Fig. 440). Zoaria forming thin, 
discoid, flabeUate or irregular crusts upon foreign bodies. Zocecia arranged in 
irregularly alternating lines. Rare in Ordovician and Silurian, very abundant in 
Jura and Cretaceous, less frequent in Tertiary and Recent. 



Fiu. 440. Fig. 441. 


Berenicea diluviana Lamx. Great Oolite ; 
Ranville, Calvados. A, Young expansion, 
i/i* B, same, enlarged (after Haime). 


Diastopora fdiaeca (Lamx.). Great Oolite; 
Ranville, Calvados. A, Fragment of zoarium, 
Vi- B, Enlaiged portion of same. 


Discosparsa d’Orb. Differs from Berenicea in having obconical or cup-shaped 
zoaria, attached by centre of the base only. Cretaceous and Tertiary. 

Filisparsa d’Orb. Zoarium ramose, branches compressed dorso-fronfcally; apertures 
irregularly disposed. Cretaceous to Recent. 

Diastopora Lamx. (Mes&ntenpora Blv.) (Fig, 441). Like Berenice a, except that 
the zoarium rises into broad, simple or convoluted leaves, composed of two layers of 
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zooecia grown back to back. Very abundant in tbe Jura, less common in Cretaceous 
and Tertiary. 

Bidiastopora d’Orb. Like Dicistopora , but tbe zoaria forming only narrow, parallel- 
edged branches. Cretaceous. 

Reptomultisparsa , Cellulipora and Filicrisina d 5 0rb. Cretaceous. 

Diastoporina Ulrich. Ordovician. Hederella and Hernodia Hall ; and Reptaria 
Rolle. Devonian. 


Family 3. Idmoneidae Busk. 

Zoaria forming free or actuate, variously compressed branches. Zocccial apertures 
rounded , more or less elevated , usually arranged in transverse rows on two faces of the 
branches ; sometimes the tico faces are confluent. Dorsal surface of the branches without 
zooecia, but often occupied by numerous small tubular pores , which may also occur near 
the apertures. Sac-like ovicells with but a single opening . Ordovician to Recent. 


Idmonea Lamx. Zoarium adnate with apertures opening in transverse series. 
Jurassic to Recent. 

Grisincc d’Orb. (Fig. 442). Zoarium erect, simple or branching. Branches 
usually triangular, two of the faces carrying the zooocial apertures, which are generally 
arranged in alternating transverse series. Jurassic to Recent. 

Bisidmonea d’Orb. Quadrate, 
simple or branching stems, bear- 
ing zomcial apertures on all faces. 
Cretaceous. 

Retecava d’Orb. Zoaria reti- 
culated ; branches greatly com- 
pressed laterally ; reverse side 
occupied by an axial rod. Cre- 
taceous. 

Bicrisina, Bitubigera, Repto- 
fascigera, Semiclausa, Sulcocava 
( Laterocava ) d’Orb. ; and Pergen- 
sella Gregory. Cretaceous. 

Phalangella Gray. Creta- 
ceous to Recent. 

Protocrisina Ulr. (Fig. 443). 
Narrow, bifurcating branches, eelluliferous on one side only. Zooecia sub -tubular, 
with prominent circular apertures arranged in intersecting diagonal series. Small 
pores, apparently communicating with interior of the zooecia, irregularly distributed 
over both faces of the branches. Ordovician and Silurian. 




Fig. 442. 

Critinci dorsata Hagenow. Uppermost 
Cretaceous ; Maestneht. A, Branch, nat. 
size. £, Upper, and C, Lower side, highly 
magnified. 


Fig. 44S. 

Protoci mna cxigua 
Ulrich. Trenton 
Group; Trenton, 
N.Y. Branches of a 
large expansion, * 2 /i. 


Family 4. Entalophoridae Reuss. 

Zoaria ramose ; branches free, sub-cylindrical , with 
rounded and more or less prominently exserted zocecial 
apertures opening on all sides. (?) Without accessory or 
interstitial pores of any kind. Ordovician to Recent. 

Entalophora Lamx. ( Glavisparsa d’Orb. ; Pergensia 
Walford) (Fig. 444). Zocecial tubes disposed about an 
imaginary axis, and with rounded, more or less prom- 
inent apertures. Jurassic to Recent. 

Spiropora Lamx. ( Pustulopora and Qricopora Blain- 
ville) (Fig. 445). Like the preceding, but apertures 



Fig. 444. 

Entalophora mr- 
gula Hagenow. 
P 1 a n erkalk ; 
Plauen, Saxony. 



Fig. 445. 

Spiropora vcr- 
tic.illata Goldf 
Upper Cretace- 
ous; Maestneht 
(after Hagenow). 
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arranged in regular, spiral or transverse linear series, and closely situated. Zooeeial 
tubes disposed about a definite central axis or axial tube. Juiassie to Recent. 

Diploclema Ulr. Similar to Entalophora , but with, blanches spreading in the 
same plane, slightly compressed, and divided into two equal parts by a wavy me>ial 
lamina. Silurian. 

Haplocecia Gregory. Like Spiropora, but distal ends of zocecia are angular. 
Jurassic and Cretaceous. 

Mitoclema Ulrich. Ordovician. Glonopora Hall Devonian. Peripora d’Orb. 
Cretaceous. 

Rhipidopora and Glinopom Marsson ; Siphoniotyphlus Lonsdale; Clypeina Miehelin; 
Umbrellina Roemer. Cretaceous and Tertiary. 


Family 5. Fasciporidae .d’Orbigny (emend.), 

Zooicia tubular , openintj in clusters at the ^ j? 

growing extremities , and in linear or quincuncial •y'j 

series on the sides of the lamelliform , or obconical j - 7 * ' •=/ 

zoaria. Accessory pores wanting. Cretaceous. A \\\ . 1 - - } t'7 „ '*{ 

Fascipora d’Orb. (Fasciporina d’Orb.). Zoaria ** *4 14 

compressed, sub-ramose to lamelliform. Aper- \\u S / I 
tui*es arranged quincuncially or somewhat ir- j 

regularly on both sides, and on the more or less W in 

exjianded growing extremities of the branches 
and lamellae. The lamelliform species resemble Vj\ / 3 L 

Diastopora , but are without a mesial lamina. W/Pl 

Semifascipora d’Orb. (Fig. 446). Zoaria cup S® ws 

or funnel-shaped, with only the outer surface 

poriferous, the inner covered by an epitheca. Fig. 44 g. 

Poriferous face thrown into vertical ridges Semfasclinjm vanalnlts d'Qtb. Cretaceous; ' 
bearing the salient tubular mouths of one or France. Side Mew of zoarium, 10 ,i. 

more rows of zooecia At the upper edge the ridges pass into large clusters of apertures. 
Gonotubigera and Seriefubigera d’Orb. Closely related to the preceding. 


Family 6. Fascigeridae d’Orbigny. 

Zoarium composed of bundles of long , parallel 
§ 8 ** \ zooecia free for most of their length , with the aper- 

\ b ^ tures in groups at the ends of the bundles. 

\ 1/ *y y' Fascieulipora d’Orb. (Fig. 447). Zoarium of 

; / Jr long, simple or divided branches. Juras>ic to 

t { Jf Conjmbopora Miehelin. Like Fascieulipora 

I \ / but sides of branches marked by numerous pores. 

fi» ‘I Cretaceous. 

Apsendesia Lamx. Zooeeial bundles arise from 
FlQ * 44T - a small cup-shaped disk. J urassic and Cretaceous. 

CrSeou^; Me^ c “ plrif' TeS'S Dkcofascigem d’Orb. Cretaceous and Ter- 

fragment, nit. size and enlarged (after tiary 
d’Orbigny). J 

Family 7. Theonoidae Busk. 

Zoarium adnate or erect ; zocecia simple , short, open tubes with apertures confined to 
crowded bands along raised ridges or on the edge of the fronds. 

VOL. I Y 
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Actinopora d'Orb. ( Pavotuhgem , etc., 



FlO. 44S. 

Acttnojioia duulema (Goldtuas). Upptu 
Cietaceous ; Maestncht. A, Zoarmin, Vi- B , 
Protile of same, Upper surface, enlarged. 


d’Orb.) (Figs. 448, 449) Zoarium an 



Fig 14» 

Act m du>twha (Hag.) 

Upper Cietaceous, Fiance. 
Upper surface, 8/ x 


adnate disk with, apertures opening on ridges radiating from a central depression. 
Cretaceous to Recent. 

Multitubigera d’Orb. Zoarium compound, tlie elements structurally resembling 
confluent Actinoporae. Cretaceous. 

Theonoa Lamx. ( Tilesia Lamx ; Phyllofrancia Marsson) (Fig. 450). Zoarium 

massive or frondose ; surface 
crossed by broad ridges bear- 
ing the apertures. Jurassic 
to Tertiary. 

Patenaria , Loculariu 
Hamm ; Betenoa Gregory. 
Cretaceous. 

Family 8. Osculiporidae 
Marsson. 

Fie- 4 61 ). Zoarium ramose, cylindrt- 

Theunua (f)i*au?untiuvi M. Edw. Crag; Sussex. A, Zoanum cal or adnate , ZOCecia simple* 
broken open m a \eitical plane, ty x . ii, Enlarged portion of upper - - — 

surface. 





Fid. 451. 

Filifa&clflera 
Lonsd. Upper Cretace- 
ous ; Yincentown, N. J 
Specimen seen from above 
and, from the side, 12/ X 
(after Ulrich). 

of zocecia opening 
Cretaceous, 


Fig. 452. 


Oscuhpora trvn- 
cata Hagw. Up- 
per Cretaceous ; 
Maestncht, Hol- 
land. Fragment 
i/i, and enlarged 
(after Ulrich) 


Fig. 4o8. 

Trvncatula repsns 
Hagw Upper Cretace- 
ous ; Maestncht. Lower 
and upper sides of zoa- 
num, enlarged (after 
Hagenow). 


alternately on the sides of the 


in bundles with the 
apertures opening in clusters 
on the surface or sides of the 
zoarium. 

Filifascigera d’Orb. (Fig. 

451) . Zoarium of simple or 
branched, creeping stolons. 
Cretaceous and Tertiary. 

Lopholepie Hagw. Zoar- 
iuin a broad incrusting 
sheet. Cretaceous 

Cyrtopora Hagw. Serni- 
cylindrica] stems with pro- 
minent clusters of four or 
more zooecial apertures open- 
ing on all sides. Cretaceous 
to Recent 

OscuUpora d’Orb. (Fig. 

452) . Ramose, with clusters 
obverse face of the branches. 
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Tru neat via Hagw. (Fig 453;. Like Qscuhpuiu, but eunvex .-lde** exhibiting 
nimerous pores longitudinally arranged. Cretaceous 

ffomoeosolen Lonsdale (Supeicytis, Umcytis d’OrhA Cretaceous 

Discocytis d’Orb {Pelagia Mich., non Lam.) (Fig. 454). Zoarium cupuliform ; 



Fig. 454. 

l)L*nu ytis eiulesti tl’Orb Uppei Cietacemis'; France Zcaiium, *> 4 , and three views* nl 
same enlarged (alter d’Oibigny). 


upper surface concave witli radiating ridges having apertures at tlieir outer ends ; 
under surface poiiferous. Cretaceous. 

Gytis, Radiofascigera , Bicavea d’Orb. Cretaceous. 


Family 9. Ceidae d’Orbignv 

Zoana ramose , bifoliate or uni -lamellate. Zouicia tubular , suh-cgual , their mills 
thin at first , but thichening gradually toward the periphery, where the cavity suddenly 
dilates in such manner that the rounded or elliptical aperture lies at the bottom of an 
hexagonal depression. Interstitial cells wanting. Cretaceous. 

The systematic position of this family is highly problematical. It appears to have certain 
affinities with the Trepostomata, but its removal to that vicinity is liaidly feasible until a 
thorough comparison of Paleozoic and Mesozoic Bryozoans shall have been made. 

Semicea d’Orb. (Reptocea d’Orb. p.p.) ; Discocea Pergeus. 



Fihcca vdata (Hagw.). Upper Cretaceous ; Maestricht, Holland. Branch, Vi* 2?, Surface 
of same enlarged. C. Vertical section (after d’Orbigny). 


Gea d’Orb. Zoaria forming flattened branches or broad lamellae, celluliferous on 
both sides. 

Filicea d’Orb. {Laterocea d’Orb.) (Fig. 455). Zoaria erect, with sub-cylindrical 
branches bearing apertures on all sides. 
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Family 10. Bleidae d’Orbigny. 

Zoaria ramose, bifoliate or uni-lamellate. Zocccial tubes dilating outwardly , with 
perforated walls. Apertures lateral and sub-terminal , many of them closed by thin 
calcareous films. Vicarious avicularia and spines scattered among the zocecia in some of 
the genera . Cretaceous. 

The members of this family differ widely from the true Cyclostomata, and the presence of 
avicularia indicates strong affinities with the Cliilostomata. The Eleidae undoubtedly 
represent connecting links between the Cyclostomata and Cliilostomata. The simplest type 
of Eleid structure is found in the Jurassic genus Haploceeia Gregory, now placed in the 
Entalophoridae, in which the aperture is subterminal, instead of terminal, and is constricted 
laterally. 

Eeptele a d’Orb. Zoarium adnate, no avicularia, 

Elea d’Orb. Zoarium erect, bifoliate ; no avicularia. 

Meliceritites Roemer (Inver sari a Hagenow ; Escharites Roemer). Cylindrical 
branching stems ; avicularia present. 

Foricula d’Orb. Like Meliceritites but has walls pierced by pores. 

Semielea , Nodelea d’Orb. ; Beptoceritites Gregory. 

Suborder B. CANCELLATA Gregory. 

Zocecia mon omorphic with walls perforated by cancelli, that is , by rounded, or elongate 
pore-like cavities different from the usual interspaces or mesopores. 

This suborder which is more convenient than natural, developed m early Cretaceous 
times from certain specialised species of the Idmoneidae. 

Family 11. Horneridae Hincks. 

Zoarium erect and branched; zocecial apertures only on the obverse side and irregular 
or arranged in simple lines. Walls of zoarium traversed by fine canals which appear 
at the surface as minute pores. Cretaceous to Recent. 

Hornera Lams.; Siphodictyim Lonsdale; Eemicellaria d’Orb.; Phormopora Marsson. 

Family 12. Petaloporidae Gregory. 

Ramose Cyclostomata with zocecia opening on all sides of the branches and walls 
perforated by numerous mural pore structures , somewhat resembling mesopores. 

Petalopora Lonsdale ( Cavea d’Orb.) ; Sparsicavea d’Orb. ; Cavaria Hagenow ; 
Reptocavea d’Orb. Cretaceous and Tertiary. 

Suborder 0. DACTYLETHRATA Gregory. 

Cyclostomata with long cylindrical zocecia separated by dactylethra , that is, by short 
aborted zocecia closed externally. No cancelli , mesopores or avicularia . 

Family 13. Clausidae d’Orbigny. 

Zoarium adnate or erect with the zocecia distributed uniformly and separated by 
circles of shallow interstitial cells ( dactylethrae ) closed at the surface . 

Clausa d’Orb. ( Claviclausa d’Orb.). Zoarium erect and dendroid. Cretaceous and 
Tertiary. 
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Gryptoglena Marsson. Zoarium adnate, thick and unilaminar. Cretaceous. 
Bitaxia Hagw. (. Pulytaxia Hamm). Zoarium erect, lamellar and frondose. 

Cretaceous and Tertiary. 

Beticulipora d’Orb. (Betelea d'Orb.). Zoarium reticulated ; branches greatly 

compressed laterally. Cretaceous to Recent. 

Beptomulticlausa , Multiclavsa d’Orb. Cretaceous. 

Terehellaria Lamx. Jurassic Zonopora d’Orb. ( Spiroclaasa d’Orb.). Cretaceous. 


Suborder D. CERIOPORTNA Hagenow (emend.). 

Von Hagenow in 1851 maintained the Cerioporina for Cu'iopora and allied genera but 
included a few other Cyclostomata. Hamm in 1881 recognised the same name, limiting the 
group, however, to the families Cenoporidae and Radioporidae. 
the name is thus available for the post-Paleozoic Bryozoa 
agreeing with the Trepostomata in having well - developed 
miniature and mature regions but differing in the amalgamated, Jp 
minutely porous structure of their walls. 


Family 14. Radioporidae Gregory. 

Zociria simple or composite, discoid or massive, adhering 
by more or less of the under surface. Zocecial apertures on 
the upper surface, arranged in radial series separated by 
mesopores. 

Biscocavea d’Orb. (Fig. 456). Zoarium of simple 
discoid groups, with apertures in radial uniserial lines. 
Cretaceous to Recent. 

Lichenopora Defrance (Figs. 457, 458) ( Tecticavea and 
Bctdiocavea d’Orb.). Like Biscocavea but apertures ar- 
ranged in elliptical groups. J urassic to Recent 



D l scoca tea poc ill tt in d’Orb. Cre- 
taceous ; France (after d’Orbigny). 




Lichenopora^ 1 ) tub ul if era (Roemer). 
Oligocene ; Astrupp, Westphalia. 
A, Zoarium, i/i* A Cluster of 
zocecial apertures, enlarged. 


Lichenopora stellata (Goldf.). Planer; Plauen, Saxony. A , 
Zoarium, i/i- A Same, enlarged. C, Vertical section of specimen 
from Greensand of Essen. 


Stellocavea d’Orb. ( Garinifer Hamm). Zoaria diseoidal, the upper surface 

exhibiting the salient edges of numerous radially arranged plates, few of them 
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reaching the centre. Zooecial tubes opening on the two opposite sides of plates 
Depressed interspaces occupied by interstitial cells. Cretaceous. 

Radiopora d’Orb. Zoarium massive with zocecia arranged in radial series separated 
by wide areas of mesopores. Cretaceous. 

Actinotaxia Hamm ; Trochiliopora , Tholopom Gregory ; Semimulficavea, Multi - 
cavea Pyricavea d’Orb. Cretaceous. 


Family 15. Cerioporidae Busk. 

0 

Zoaria multiform , encrusting , lamellar , bulbous, lobate , digitate or ramose , composed 
of closely arranged thin-walled tubes. The latter sometimes completely separated by 
angular interstitial cells. Walls of neighbouring tubes thoroughly amalgamated and 
pierced by numerous pores. Trias to Recent. 


Under this family are grouped the genera referred by Gregory to the Cerioporidae m 
which mesopores are absent, the Heteroporidae with numerous mesopores, and the Zonatulidae 
with mesopores grouped in spiral bands or rings. The internal and other features of these 
three families are identical, and it is believed that the distribution of the mesopores is m 
this case not of family importance. Gregory assigns these three families, as well as the 
Radioporidae, to the Trepostomata, but, although it is true that they resemble the earlier 
order in some features, the complete amalgamation and porous nature of their walls is 
exactly the same as in typical Cyclostomata 


Reptomulticava d’Orb. (Semicava d’Orb.; Reptocea Keeping) (Fig. 459). Zoarium 

massive or branched, multi- 
lamellar ; zooccia short, meso- 
pores absent. Cretaceous. 

Defranciopora Hamm. 
Zoarium of superposed, discoid 
colonies; mesopores wanting. 
Cretaceous. 

Geriopora Goldfuss ( Gerio - 
cava d’Orb.). Zoarium massive 
or branched, with long zooocia 
and no mesopores. Trias to 
Recent. 

Eeteropora Blainville (Fig. 
460). ( Polytrema , Grescis , 

Nodicrescts d’Orb.). Like Geriopora but with numerous mesopores. Jurassic to 
Recent. 

Biflabellaria Pergens. Like Hetero- 
pora but zoarium bifoliate. Cretaceous. 

Zonatula Hamm. Zoarium dendroid 
with spiral or annular constrictions 
composed of mesopores. Cretaceous. 

Plethopora Hagw. Like Zonatula but 
zocecia open in knob -like elevations, 

Cretaceous. 

Ghilopora Haime. Jurassic. Multi- 
zonopora d’Orb. ; Bivestis Hamm ; Spar- 
sicytis Filliozat. Cretaceous. 

Suborder E. CERAMOPOROIDEA, 



RAC 



Fig. 459. 

Reptomulticava spongites Goldf. Greensand , E=sen. J, Zoarium, 1/!. 
2>, C, Upper and lower sides, enlarged. 


nom. nov. 


Fig. 460. 


This new suborder is proposed for the Ti> 

Paleozoic Bryozoans included in the two section, d, Uppei suiface, enlarged. 


ORDER II 


CYCLOSTOMATA 


327 


families Ceiamopoiidae and Fistuliporidae, whicli were formerly assigned to the 
Trepobtoniata and latterly to the Cydostomata. They agree with the Trepostomata 
m having well-defined immature and mature zones but their minutely poious walls 
of irregularly laminated tissue, large mural communication pores and finally, ocecia 
typical of the Cyclostomata seem to ally them more closely with the latter order. 
This suborder is possibly the Paleozoic representative of the Cerioporina. 


Family 16. Ceram oporidae Ulrich. 

Zoai'ia variable; maculae or clusters of mesopores and of zocecia, larger than the 
average , occur at regular intervals. Zooecial apertures usually oblique , of sub-triangular , 
ovate or polygonal form; lunarium present , appearing at the surface as a prominent 
overarching hood, or as a slightly elevated portion of the margin , of crescuitie form 
with the ends projecting more or less into the aperture. Mesopores or interstitial cells 



a, Cerampora spotujiosa Bass. Tangential section, 2%. ft, c, Anolotichia rhonibica Bas.s. Vertical sections 
showing mural pores, 2°/i. il, Crepipora incrammta Bass. Vertical section with ovicell-like structures, 10 /i 
(after Basslei). 


generally present, always irregular , and usually without diaphragms. A few horizontal 
diaphragms often present in the zooecial tubes. JValls minutely porous, composed of 
intimately connected and irregularly laminated tissue. Large mural communication 
pores sometimes present. Ordovician to Devonian. 

This is one of the largest and most important of the families of Paleozoic Bryozoans, and 
is especially common in the Middle and Upper Ordovician. The 
earliest forms resemble Berenicea and Apsenaesia ; while Ceramo- 
porclla , Chiloporella t and especially Favositella , may be regarded 
with reasonable confidence as the progenitors of the Fistuliporidae. 

At any rate the connection between the two families is so intimate 
as to forbid any wide separation. 

Geramopora Hall (Fig. 461, a). Discoidal, free, lamellate, 
massive or parasitic. When free, under surface with one or 
more layers of small irregular celk. Zocecia opening on the 
upper surface, large, irregular, oblique, imbricating, and radially 
arranged about the depressed centre. Mesopores irregular, short, 
numerous. Large communication pores m walls of both zooecia caamoporeiia diatincta 
and mesopores. Ordovician to Devonian. Minnesota. Surface of para- 

Geramoporella Ulr. (Fig. 462). Zoaria encrusting. Zooecial xju-^^ 11810117 12 ^ * alter 
tubes short, walls thin, apertures more or less oblique, hooded, 

commonly of oval shape. Mesopores abundant, often completely isolating the zocecia. 
Ordovician and Silurian. 
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Codocb.ni a Ulr. iFig. 4C3. Hollow brandies, lined internally with 0i _ a striated 
epitheea. Zoueeia as m Ct hi niojourtlht, lint with thicker walls Ordovi cian and 
Silui iaii- ^ 

Crcnipura Ulr. Fig-. 461, <1 ; 464). Mesopores almost entirely restricted .to the 


i 


tSSd 


G<rlo*h'mo tru j- 
tnnen*t - Ulr. 
Trenton ; Minne- 
sota Two frag- 
ments, *- j, anti 
one« 3 . 


UU Ljr f K4W-TV 


f pcmmpla Ulricli. Lower Trenton; Minnesota .4, Vertical 
section. B , Trans\erse section, 7i- U Same, 14/ If allowing lunaria. D, Sur- 
face of t. s iiiiulan* Ulncli, q ; 1 (after Ulrich). 


maculae, wliicli are distributed over the siuface as minutely porous elevations or 
depressions. Apertures very slightly oblique, angular or sub-pyriform. Lnnarium 
well-defined in perfect specimens, best shown in tangential sections. Ovicell-like 
bodies known in one species. Ordovician and Silurian. 

Anolotichia Ulr. (Tigs. 461, b, c; 465\ Zoaria large, ramose or digitate. Lnnarium 


5-M? 


, ... . 


r*J2yl 


Anolaticlua hnpvlita Ulr. Black Rm*r Shales ; Minnesota. A, Surface, 

^ !• L\ Vertical section, 6 j C, Tangential section, 12 /i, showing tubes 
ol lunarium. I), Tangential section of .1. iioadero sa Ulr., from the 
Richmond formation at Wilmington, III., showing numerous lunanal 
tubes (alter Ulrich). 

a 

slightly elevated at the siuface, traversed internally by Fig. 4G6. 

two to six minute, vertical, closely tabulated tubes. Cemmophyiiaf)ondo&a uir. Black 
Mural communication pores present. Ordovician and 2 / 3 ^!’ 8 urface°of*saine Z ^ 
Silurian. C, Two zooecia of a tangential sec- 

Ceramophylla Ulr. (Fig. 466). Like CeramoporeUa 
but zoarium is bifoliate. Ordovician. 

Favositella Ether, and Foord ( Bythotrypa Ulr.) (Fig. 467). Mesopores numerous, 
open at the surface, forming interiorly a very loose vesicular tissue. Walls pierced 
by communication pores. Ordovician and Silurian. 

Chiloporella Ulr. Ordovician. 

See nelb punt Ulr. Zoaria simple, pedunculate ; under surface with an epitheca, 
the upi»er slightly concave and celluliferous. Zoceeia with slightly oblique, sub- 
circular apertures, radially arranged on the summits of low ridges. Ordovician. 


tion, 12 h. D, Right half of a verti- 
cal section, 12/1 (after Ulrich). 
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tiputiopura Ulr. (Fig. 46S). 
Apertures* n regular ; 
lunarium ^caioely per- 
ceptible. Mesopores, 
when present, ebiefly 
in maculae. Inter- 
spaces often with large 
blunt spines (? acan- 
thopores). Ordovician 
and Silurian. 


Zoaria forming tliin cru.-t>, especially on Orfhoceras. 
n 


Fuvrwite.Ua hr win (DU.) 
R, Vertical section, 7 


Family 1 7. Fistuli- 
poridae Ulrich. 

Zoaria massive, 
laminar or ramose , the 
surface exhibiting at regular internals 
“maculae'* or “ monticules j; composed 
of clusters of resides and of zooecia 
slightly larger than the average. Luna - 
riuni more or less developed. Zotccial 
tubes never angular , thm-walled, and 
icith horizontal diaphragms ; apertures 
dosed by perforated operculum. Inter- 
spaces occupied by vesicular tissue. Cell 
wa l Is min utely p oro us. Ord o vician to 
Permian ; climax in Devonian. 



Lover Trenton ; Minnesota. J, Surface, 14 j. 
. V, Tians verse section 14/ X (after Ulricli). 



Fig. 46S. 


Spatiopon 1 aspera Ulr. Cincinnati Group; Hamilton, O. 
.4, Surface. L, Veitical section. C, Tangential section ; all 

TVaagen, TVentzel and others have 1 

referred certain members of this family to the Corals, but the reasons for doing so rest 
obviously upon insufficient observation. Not only are the members of this family 
derived from the Ceramoporidae, as noted above, which are undoubted Bryozoans, 
but some of them possess ovicells, thus abundantly proving their Bryozoan nature. 

Fistulipora jVPCov ( Didymopora Ulr. ; Dyboicshiella TVaag. and TV.) (Fig. 469). 
Zoaria massive, lamellate, more 
rarely ramose, parasitic or free ; 
under surface with wrinkled epi- 
tlieca. Zooecia sub-radially arranged 
about the surface maculae ; aper- 
tures ovoid, sub-triangular or 
pyriform, according to the degree 
in which the lunarium is developed ; 
interiorly with thin vails, and a 
small number of complete horizontal 

,. . T , x Fistulipoia astuca 

diaphragms. Interspaces smooth or Devonian (Hamilton 

granular, occupied internally by IowlL Tan = enfial 

one or more series of vesicles. Bare ’ ‘ 
in the Ordovician. Common from Silurian to Lower Car- 
boniferous less frequent in Coal Measures and Permian. 

Cyclotrypa Ulr, (Fig. 470). Like Fistulipora , but the 
lunarium obsolete, and zooecial tubes circular in transverse 
section. Devonian. 

Eridopora Ulr. (Pileotrypa Hall). Zoaria tliin, parasitic. 

Zooecia with oblique, sub - triangular or ovoid apertures. 

Lunarium very prominent. Silurian to Coal Measures. 



Fig. 469. 


Ulricli. 
Group) ; 



Fig. 470. 

Cyclotrypa communis Ul- 
rich. Hamilton ; New Buf- 
ialo, Iowa. Veitical and 
tangential sections, m/j 
( after Uli lull). 
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Chilotrypa Ulr. Zoaria >mull, ramc^e, with a narrow, irregularly contracting and 
expanding axial tube. Silurian to Lower Carboniferous. 

Med t*pnro Ulr (Fig 47l\ Zoaria bifoliate. Oblique apertures all directed 


n 



Fi 471. 

Muhtjto n ti'u.u" Ulr. Che*-t®i Gioup; Mumoe Co., Ill -1, Specimen 
om the hide and edne, *4 Surf.iep ol ■same, " 1 . Poition showing 
OMcell, 1 Vi (after Ulrich). 



Fit-. 472. 

Strutopom foieolata Ulr. 
Keokuk Group ; Bentons- 
I>ort, Iowa. Part ot ex- 
pansion, 3 / 4 , and surface of 
same, 7/ X) showing zocecial 
apertures and broken ovi- 
cells (aftei Ulrich). 


toward the distal margin of the zoarium or branch. Lunarium moderate or obsolete ; 
diaphragms numerous and often recurved. Ovicell rather large, showing at the 
surface as a convex space with a small apical opening. 
Silurian to Coal Measures. 

Strotopora Ulr. (Fig. 472). Zoaria ramose. Large, abruptly 
spreading cells (regarded as broken ovicells), distributed 
among the zocccia on ordinary specimens; when perfectly pre- 
served they appear as strongly convex elevations with a small 
opening on one side. Devonian and Lower Carboniferous. 

Lichenotrypa Ulr. First stages like Fistulipora , after 
which large spines and irregular thin walls are thrown up 
about the apertures. Devonian. 

Buslcopora Ulr. ( Odontotrypa , Glossotrypa Hall) (Fig. 
473). Like Fistidipora , but lunarium remarkably de- 
veloped, projecting as a strong, bidenticulate process nearly 
half across the aperture, Devonian. 

Pinacotrypa Ulr. ; (?) Botryllopora Nich. ; Selenopora 
and Favicella Hall. Devonian ; Hexagonella W. and W. 
Devonian and Carboniferous. 



FlG. 473. 


Bu*tL(\pu 1 a ilentota Ulr. 
De\ oman (Onondaga Gioup); 
Falls of the Ohio. Portions 
of surface, and I4 f , (after 
Ulrich). 


Order 3. TREPOSTOMATA Ulrich. 1 

Zouecia directly superimposed upon one another so as to form long tubes intersected 
by straight or curved partitions (diaphragms and cystiphragms ) representing the covers 

1 Two regions of the zocecial tubes are distinguishable, au axial or “immature” region, in 
which tlie diaphragms are remote, the walls thin, and the tubes prismatic through contact ; and a 
peripheral or “mature” region, in which the tubes bend outward, the walls are thickened and 
otherwise modified, the transverse partitions more abundant, and interzocecial elements (acanthopores, 
mesopores, or mere strengthening tissue) are developed. 

Waagen and Wentzel and others erroneously assert that the mesopores and acanthopores, 
occurring so commonly m the Trepostomata, are young zocecia or “corallites.” With very few 
exceptions, these really very different elements are not developed until the zoarium has reached the 
mature stage, in which new zooecia cease to be given off. The origin of mesopores (i.e. all cells 
occupying interzocecial spaces, whether invested with separate walls or not) is due to the same 
necessity which leads to the distal thickening of the zocecial tubes, namely, that of filling up space 
occasioned by the growth of tubes at the periphery, and by the change in the direction of the tubes. 

Some of the tubes provisionally included under the term mesopores, like some of the acantho- 
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and floors of successive layers . Zocccial covers with a small , usually svb-c*ntwl orifice. 
Monticules or maculae (« containing celh differing from the aieruge in s/;>, or it. lining 
their apertures delated) regularly distributed o/er the surface. 

The Trepostomata include tlie greater portion of tlie <fc Monticuliporoids width 
by some writers, particularly Milne Edwards and Haime, were regained as Anthozoan>. 
Nicholson assigned tliem to tlie Octoeoralla because the eorallites apparently agreed 
witli Heliolites in their microscopic structure, and m addition were supposed to have 
imperforate walls and to increase by intermural gemmation or by fission. Ulrich 
has insisted upon the bryozoan nature of these organism*, and ha* published many 
facts militating against Nicholson’s views. Bassler has added a number of points 
confirmatory of their bryozoan affinities, and recently Cuming* has worked out the 
primitive budding stages of at least six characteristic genera. He finds that the 
budding plan of Prasopora and allied genera is precisely the same as m typical recent 
Bryozoa, namely that it consists of (1) a prottccium, or minute circular disk ; (2; the 
ancestrula , a tubular zoocciuin of the type seen m the Cydostomata ; and (3) several 
primary buds arising from and adjacent to the ancestrula. These primitive structures 
are separated from the rest of the colony by a considerable thickening of their 
posterior walls. In the Corals, development from the planula is direct, the moment 
it becomes sedentary and therefore the presence of the proioccium alone is practically 
conclusive as to the systematic position of the Trepostomata with the Bryozoa. 


Suborder A. AM ALG AM A T A Ulrich and Bassler. 

Trepostomata in which the boundaries of adjacent zocecia are obscured by the more or 
less complete amalgamation of their walls 


Family 1. Monticuliporidae Nicholson (emend. Ulrich) 

Zoaria multiform. Zocecial apertures polygonal , rounded or irregularly petaloid. 
Mesopores occasionally icanting , in other cases numerous , angular and crossed by 
crowded diaphragms. Acanthopores a n 

abundant , usually small Cystiphragms 
always present in the mature region. 

Ordovician to Devonian. 

The incomplete, curved, transverse 
partitions, termed cystiphragms by 
Ulrich, are the principal peculiarity of 
this family. It is possible that they 
represent ovicells, but their significance 
can only be conjectured. 

Monticulipora d’Orb. (Fig. 474). 

Zoaria incrusting to massive. Zoceeia 

i i i irontu'ulivoia arbu/ea Ulr Tienton; Minnesota, vert 

polygonal, With minutely granulose tangential (H) sections, (alter Ulrich). 

walls. Cystiphragms lining both 
mature and immature regions. Mesopores very few or absent. Acanthopores small, 
granulose, more or less numerous. Ordovician and Silurian. 

Orbignyella U. and B. Ordovician to Devonian. 

Atactoporella Ulr. (Fig. 475). Zoaria generally encrusting. Zocecia with very 



Fir.. 474. 


Vertical 


pores, were doubtless occupied by specially modified polypides, which probably find their 
homologues in the avicularia and vibraeula of recent Chilostomata. But many of the mesopores 
which are not invested by separate walls are to be regarded as mere interspaces between the 
zocecial tubes, and the purpose of their transverse partitions is to support the walls of the latter, as 
well as to assist intercommunication by means of the zoarial parenchymal cord. 
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tliin inflected "walk, the apertures irregularly petaloid. Mesopores numerous, frequently 
holating the zocecia, largely filled by a secondary deposit. Acanthopores small and 
very numerous. Ordovician and Silurian. 






Atm tnportHa tnacuhs Ulr. Black Ri\ er Group ; Minnesota Surface (.-I), tangential (!*’), . 
and vertical ((.') sections, 14 /j (after Uluch) 


Pvronoporu Nich. Similar to the 
a B 





Structure of walls and parenchymal cord m 
mVwi Ulr., S 5 ,! ; (£), btirtopureUa // omhfcra Ulr. 
llitepora cuhiuiiufcm Busk. Recent, G0 ,i. 


mn&cm. 


preceding but zoaria bifoliate, and zocecial walls 
c thicker, not inflected by the acan- 

thopores, and more ring -like in 
transverse section. Ordovician 
y and Silurian. 

W Homotrypa Ulr. (Figs. 476, 

kj 477). Generally ramose, some- 

\ JH times frondescent. Zocccial tubes 

with very thin and finely crenu- 
™ la ted walls, and remote diaphragms 

, .. „ , in the axial region. Cystiphragms, 

and (C), isolated or in senes, developed m 
peripheral region only. Apertures 
polygonal or sub - circular. Mesopores 
usually few and restricted to the maculae. 
X Acanthopores generally present. Ordovician 
‘i, and Silurian. 

i Homotrypella Ulr. Like Homotrypa but 
Q? mesopores numerous and cystiphragms 
g usually confined to the early part of the 
lJ mature region. Ordovician and Silurian. 

Pmsopora Nich. and Eth. (Fig. 478). 
\ Zoarium massive, free. Zocccial tubes 
prismatic or cylindrical, thin - walled, 


(.4), Humotrypa 
and (C), 


|1 

mm 


BPH 

nadsl 



■MB 


Fig. 477. 


Homotrypa mihramusa Ulr. Black River ; Minnesota. 

*1, Surface. B, Tangential .section. (?, Vertical sec- 
tion, 14 /j. D. H. sept rata Uli. Tangential section, 

Fig. 47S. 

Pmsopora simulatrix Ulr. Trenton; Ken- 
tucky. A, Transverse, and B. Vertical section, 
M/i (after Ulrich). 
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separated from one another by smaller angular mesopores, and containing cystiphgrams. 
Acanthopores usually pre- 
sent. OrdoTician and 
Silurian. 

Mesotrypa Ulr. (Fig. 

479). Aspidopora Ulrich. 

Ordovician and Silurian. 


Family 2. Heterotry- 
picLae Ulrich. 

Zociria frondescent , 
ramose, massive or para- 
sitic. Zocecia polygonal, 
with moderately thin walls. 

Aca nthoporespresen t, som e- 
times of large size. Diaphragms numerous , horizontal. 
vician to Devonian. 



Flu 470. 

Mesotrypa inJUa Ulr. Black River Group ; Minnesota .1, Transverse 
section. B, C, Vertical sections kj (after "Cinch). 


Dehay ella Ulr. (Fig. 480). 


Cystiphragms wanting. Ordo- 
Zoarium always frondescent, mesopores numerous, 



Fig. 481). 

Del ayellti obwu > a (Ulr.). Ordovician ; Cincinnati, Oli 10 . 
Tangential and vertical sections, (alter Ulrich). 



Fig. 4S1. 

Delay la ti'peia Ediv. 
and H, Ordoucian; Cin- 
cinnati, Ohio. Tangential 
section, w/j. 


and acanthopores of two sizes, the smaller ones the more abundant, and present 
only in the peripheral region. Ordovician and Silurian. 

Heterotrypcc Mich. Zoarium frondescent, and acanthopores all of uniform size. 
Ordovician and Silurian. 

Dekayia E. and H. (Fig. 481). Distinguished from Eeterotrypa by the absence of 


A ‘ B 



Fig. 4S2. 


iStbjuiateUa foordi (Nich.). Ordovician ; Es- 
thnnia. A, Tangential section, w/j. JJ, Vertical 
section, (after Bassler). 



Fig. 4SS. 

Ataetopmo maculatn Uli. Ordovician ; Cincinnati, 
Ohio. Transverse and vertical sections, H'j, showing 
gi eater part oi a solid macula (after Ulrich). 


the smaller set of acanthopores, and lesser number of mesopores and diaphragms. 
Ordovician. 

Petigopora Ulrich. Stigmatella Ulr. and B. (Fig. 482, A, B). Ordovician and 
Silurian. 
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Atuctnpora Ulr. (Fig. 4S3). Zoaria thin, growing on Orthoceras. Zoceeial apeitures 
indented or fioriform, according to position of the very numerous acanthopores. Bather 
large, -olid elevation-, composed of abortive cells, and completely filled by calcareous 
depu-ir, stud the surface at regular intervals. Ordovician and Silurian. 

Lcptotrypa Ulr. Ordovician. Cyphotrypa U. and B. Ordovician to Devonian. 

Family 3. Constellariidae Ulrich. 

Zoaria ramose^ frondescent, laminar or encrusting. Zoceeial tubes thin-walled and 
prismatic in the axial region , thicker and sab-cylindrical in the peripheral ; apertures 
rounded, the peristomes slightly elevated. Mesopores angular , abundant , generally 
isolating the zorccia, at intt rials gathered into usually stellate clusters ; closed at the 
surface , the closure with numerous perforations. True acanthopores wanting , but small 
hollow spines or gran alts often very abundant. Diaphragms straight and complete in 
both stts of tubes. Ordovician and Silurian. 

Constellaria Dana (Fig. 484). Zoaria growing erect from attached basal 


A ji u 



Fl«. 4S4. 


tohiteUana ftiwUln Uli. Cincinnati, Ohio A, Vertical section. 1), Tangential, showing aged condition. 

C. Average tangential section, all 14 /i. D, Branch of the natural size (after Ulneh). 

expansion. Surface with depressed stellate maculae, the spaces between the rays 
elevated and occupied by two or three short rows or clusters of closely approximated 
zoceeial apertures. Mesopores aggregated in the maculae, internally with gradually 
crowding diaphragms. Ordovician. 

Stellipora Hall (non Hagw. nec Hainie). Differs from the above in its encrusting 
or lamellate habit, and in having only mesopores in interspaces between the raised 
zoceeial clusters. Ordovician. 

Xickolsonella Ulr. (Fig. 485, A-G). Laminar expansions, sometimes giving off 
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zooecial tubes ; tlie spaces become filled up with age by a calcareous deposit, rendering 
walls of mesopores unrecognisable. Ordovician. 

Dianulites Eicliwald (Fig. 485, D). Zoaria massive; zocccia and mesopores pvif'- 
matic, thin walled ; walls and spines with minute granulo^e structures as m 
Xicholsonelltt . Ordovician and Silurian. 

Idiotrypa Ulr. Silurian ; North America. 


Family 4. Batostomellidae Ulrich. 

Zoaria usually ramose, occasionally sub-lobate, massive, laminar or parasitic, often 
consisting of superimposed layers. Zocccia with thick walls in the mature region , usually 
appearing here as fused. Diaphragms horizontal . those in peripheral region with central 
perforation. Acanthopores and mesopores usually present; the latter small , often 
intermittent. Ordovician to Permian. 

The amalgamate nature of the zooecial walls is most marked in this family. 

Bythopora Miller and Dyer. Small branching stems. Apertures oblique, 
attenuate above. Interspaces canaliculate, with an occasional mesopore or none. 
Ordovician and Silurian. 

Gallotrypa Hall. Silurian and Devonian. Eridotrypa Ulrich. Ordovician to 
Devonian. 

Batostomella Ulr. ( Geinitzella Wh and W. ; Trematella Hall) (Fig. 486\ Slender 



Fit;. 4S0. 


UatudODidla spmulusa Ulr. Chester Group ; Kentucky. J, Ji, Veitieal sections, one with and the other 
without diaphragms, 14 /i* C, Tangential section, 14 / x . D, Surface, m/ x . On either side of V are branches of the 
natural size (after Ulrich). 


branches, without monticules. Apertures small, circular or oval. Interspaces 
rounded or canaliculate, spinulose, the acanthopores small and usually very numerous. 
Mesopores small, sub-circular. Diaphragms few. Silurian to Permian. 

Stenopora Lonsd. (Fig. 48*7). Zoaria ramose, sub-lobate, massive, laminar or 
parasitic. Zooecial walls periodically thickened in the mature region. Large 
acanthopores at many of the 
between the zocecia. 


Mesopores never very numerous, jT 'tj| f | 

irregularly distributed. Dia- -jpf T - £ V 

phragms sometimes very scarce, 1 6 J 

but m most American species 
abundant in the peripheral 
region, and with a large central 
perforation. Lower Carboni- 
ferous to Permian. 

Anisotrypa Ulr. Divisional 
line between adjoining tubes 

more sharply defined, and and ^agential (B) sections showing momliform walls and perforated 
periodic swellings Of the walls diaphragms, m/j (after Ulrich), 



Flu. 4S7. 

Keokuk Group ; Illinois. Vertical (.1) 
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mm ‘li lc-s distinct tlian in Sb noport <. Acanthopores and mesopores absent ; perforated 
diaphragms numerous Lower Carboniferous. 

Lioclcma Ulr. ’Fig. 4SS*. Ordovician to Coal Measures. Lioclemella Foerste. 
Oivlovician and Silurian. Orbipora Eichwald (Fig. 489, a, b). Ordovician. 


n C 



Fig 4SS. 

Ulr. Keokuk Ginup; mmol's .1, Vertical section, 21/, ]}, Tangential .section, 

C, Portion of wall and acunthopoie, ss/j D, Interstitial (altei Ulncli). 



Fig. 489. 


ft, OrVtpora distincta Eiehw. Section, m/i- h. 0 wmtiioporu Bass. M/j, c, d, Esthuniopura communis Bass. 

Ordovician ; Baltic Provinces. 5 /i (after Bassler). 

Esthoniopora Bassler (Fig. 489, c, d). Zoarium massive ; zococia with semi- 
diaphragms ; no mesopores or acanthopores. Ordovician ; Esthonia. 

Suborder B. INTEGBATA Ulrich and Bassler. 

Trcpostomata in ichich the boundaries of adjoining aocccia are sharply defined by a 
well-marked , dark-coloured divisional line. 

Family 5. Amplexoporidae Ulrich. 

Zoaria ramose , discoidal , massive or bifoliate . Zocecial tubes comparatively simple , 
prismatic , with a well-marked divisional line between adjoining tubes . Mesopores 
practically absent , but small abortive cells sometimes found among the large zocccia 
forming the monticules. Acanthopores generally abundant, sometimes wanting. Ordovician 
to Devonian. 

Amplexopora Ulr. Zoaria ramose. Acanthopores always present, varying m size 
and number. Diaphragms complete, horizontal Ordovician and Silurian. 

Monotrypella Ulr. Like the above, but without acanthopores. Ordovician to 
Devonian. 
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Rhombotrypa IT. and B. Silurian. Petalotrypa and Ih'scntrypa Ulr. Onlovician 
to Devonian. 


Family 6. Halloporidae Bassler (Cullnporidae Ulricli;. 

Zoaria ramose , sub-fr on descent, massive or discoidaL Zoocial apertures generally 
sab-circular and separated more or less completely by angular mesopores ; at other times 
polygonal, when the mesopores are few or wanting. Zocecial tubes thin-walled , attaining 
their full size slowly. Acanthopores wanting. Ordovician to Devonian. 


In this family the proximal ends of the tubes arising in the axial or “immature** region 
have the character of mesopores. The diaphragms are rather closely arranged in the tapering 


c 



tJ **ffj}**V 
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Fk;. 490. 



Hallopora nmosa (E. and H.). Ordovician (Cincinnati Gionp) ; Cincinnati, Ohio. J , Zoarium, natural 
size. D, Surface slightly magnified. C, Tangential section, parallel to external suifaee, 20 -j. D. Vertical 
section, 20/!. (G and D alter Nicholson.) 


proximal end, then few or wanting for a considerable distance, and finally become crowded in 
the peripheral or mature region. 

Hallopora Bassler ( Gallopora Hall preoccupied) (Figs. 490, 491). Zoaria usually 
ramose and bushy, the branches often anastomosing. Apertures dosed in the perfect 
state by perforated, often ornamented, covers, which are left behind, as growth proceeds, 


r 7) 



Fin. 491. 

-4, B, Hallopora eleijantula (Hall). Niagara ; Indiana. Vertical and tangential sections, 14 /i- C, D, H. multi - 
tabuluta Ulr. Lower Trenton ; Minnesota. C, Veitical section, J'*. D, Surface having zottcia open ("/i)> and 
preserving zooecial covers ( 14 /i). 


to form floors (diaphragms) of sncceeding layers. Zooacial tubes of two sizes iu the axial 
region, the larger ones with six to eight sides, the smaller set four- or live -sided. 
Ordovician to Devonian. 

Halloporina, nom. nov. (proposed for Galloporina Ulrich and Bassler, preoccupied 
by Neviaui in 1895). Like Hallopora but diaphragms wanting and walls strongly 
crenulated. Ordovician. 

Calloporella Ulr. Silurian ; Kortli America. 

VOL. I 
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Family 7. Trematoporidae Uliicli. 


Zoaria ramose or encrusting. Zocecial tubes irregular in the axial region, their 
proximal ends with diaphragms, and usually constricted where the latter occur , walls 



Fig. 492. 


Tangential sections of Batostoma from the Black River Group of Minnesota. A, B. fertile Ulr., ^/i- 
B, Same var. circulate, tyj. C, B. mnclielU var. splmlosim Ulr, (after Ulrich). 


thickened in the mature region, lines of contact distinct. Mesopores generally abundant, 
usually of large size, their apertures closed. Acanthopores more or less abundant 


This family is principally distinguished from the Halloporidae by the presence of acantho- 
pores and closed mesopores. The Trematoporidae, moreover, have a general looseness and 
obscurity of structure quite unlike that of any other Trepostomata. 


Batostoma Ulr. (Fig. 492). 



Hmiphragma irrasum Ulr. Lower Trenton; Minnesota. 
A , Vertical section, Vi* £> Tangential, * 4 /i (after Ulrich). 


Branches irregular, springing from a large basal 
expansion. Zocecial walls of varying 
thickness, in contact only at limited 
points, and of two sizes in the axial 
region. Diaphragms strong, horizon- 
tal, complete. Species numerous and 
mostly very abundant. Ordovician 
and Silurian. 

Hemiphragma Ulr. (Fig. 493). 
Like Batostoma , but diaphragms in 
peripheral part of tubes incomplete. 
Ordovician and Silurian. 

Diplotrypa Nich., emend. Ulr. 
(Fig. 494). Zoaria massive, generally 
free. Zooscial tubes comparatively 



Fig. 494. Fin. 495. 


Diplotrypa watoni Ulr. Richmond Group ; Manitoba. Monet ry pa magnet Ulr. Lower Trenton ; Illinois. 

Tangential and veilieal sections, 14 j (alter Ulrich). Transverse and vertical sections, 7/ x (after Ulrich). 
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large, prismatic, with horizontal diaphragms. Mesopores few 
m size. Ordovician and Silurian. 

Monotrypa Nich. (Ptychonema Hall) (Fig. 495;. Distin- 
guished from the preceding by the absence of mesopores and 
fewer diaphragms. Ordovician to Devonian. 

Anaphragma U. and B. Ordovician and Silurian. Ditto- 
pora Dybowfeki (Fig. 496). Ordovician. 

Trematopora Hall (emend. Ulr.) ; Stromatotrypa TJlr. Or- 
dovician and Silurian. 


to numerous, varying 



Fig. 49 * 3 . 


Dittupzin rol? iculat" 

, a ** * m EicllW. OrdOMCWU ; Es- 

Order 4. CRYPTOSTOIMA.TA. Yin©. thonia Tangential sections* 

with two sets of acantlio- 

Primitive zocecinm short , pyriform to oblong , quadrate or P° res > 14 1 ( afttJ1 ‘ Bassler )* 
hexagonal , sometimes tubular , the aperture anterior. In the 

mature colony the aperture is concealed , occurring at the bottom of a tubular shaft 
(“ vestibule”), which may be intersected by straight diaphragms or hemisepta , owing 
to the direct super-imposition of layers of polypides. Vestibular shaft surrounded by 
vesicular tissue , or by a solid calcareous deposit ; the external orifice rounded. Mar - 
supia and avicularia wanting. 


The Cryptostomata differ from the Trepostomata chiefly in that the c< imma ture j; 
region (primitive cell) is usually much shorter and the passage to the mature region 
more abrupt. 

Some of the Cryptostomata are ramose, and have long, thin-walled prismatic 
tubes in the axial region, with or without diaphragms, precisely as in the ramose 
Trepostomata and Oyclostomata ; but they are distinguished from the latter by the 
presence of hemisepta, similar to those occurring in the vestibule of Escharopora and 
Phaenopora , two of the most typical genera of the Cryptostomata. That these axial 
tubes are not of primary importance is shown by individuals of such genera as 
Goeloconus , Ehombopora , etc., in which a second layer of zooscia has grown over the 
first. This is a rare condition, and is probably to be attributed to an accidental 
interruption of growth. But, where observable, it is to he noticed that the inner 
extremities of the zocecia of the second layer are not drawn out into tubes like 
those of the primary set, but are short, and in all essential respects like those of 
Escharopora. 1 

The Cryptostomata are probably nothing more than Paleozoic Cheilostomata, 
differing, however, from the typical members of the latter, (1) in having neither 
marsupia nor avicularia ; (2) in the much greater deposit of calcareous matter upon 
the front of the zocecia, thus producing the vestibule ; (3) in that successive layers of 
polypides are often developed, one directly over the other, in a continuous tube ; and 
(4) in that whenever a zoarium attains an uninterrupted width of more than 8 mm., 
it exhibits clusters of cells differing more or less, either in size or elevation, from the 
average zocecia. The last two distinctions are suggestive of the Trepostomata ; and 
the presence of a vestibule reminds ns of certain Mesozoic and Recent Cheilostomata, 
which have the same tubular prolongation of the aperture. Thus, the Recent 
Adeonella atlantica Busk, has not only a vestibule, but hemisepta as welL Hemisepta 
are never found in the Oyclostomata and Trepostomata, but are a very common 
feature of the Cryptostomata. They occur at the bottom of the vestibule, and doubt- 
less served as supports for the movable operculum. 


1 The almost universal practice has been to accept the presence of tubular zocecia as fully 
demonstrating the Cyclostomatous affinities of the species producing them. Investigations, how- 
ever, show that the mere form of the zoceeium cannot be relied upon as a subordinal character any 
more than is the presence of tabulae in a tubular organism a certain indication of an Anthozoan. 
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Family 1 . Phylloporinidae Ulricli. 

Zuaria hunching. cellvhfa'uus un one side only, the other side striated , branches 
fre* or anastomosing. Zoucia more or hss tubular* often vith diaphragms. Heim sept a 
minting. Ordovician to Coal Meavnre> 



Flu. 407. 

a, h, Cfiosjuotopnnt t subla.ni (Ulr.). » j. ». d, Transi pi.se and longitudinal sections, 1S / T (after Ulrich). 


Chasmatopora Eichwald (Phylloporina Ulr.) (Fig. 497). Brandies irregularly 
anastomosing, with two to eight ranges of zocecia on the celluliferous side. Tabulated 
interstitial spaces generally present, closed at the surface. Ordovician and Siluiian. 

Psmdohornera Roenier (Drymotrypa Ulr.). Ordovician to Devonian. Chain o- 

dictyon Foerste. Coal Measures. 


Family 2. Fenestellidae King. 


Zoaria forming reticulate expansions , celluliferous on one side only . They are coon- 
posed of rigid branches united by regular non-poriferous bars (dissepiments) ; or may be 
sinuous and anastomose at regular inteivals; or may remain free. Zocecia enclosed in 
a calcareous crust , ichich is minutely porous , especially on the non-cellidiferous side . 
Primitive portions of zocecia oblong , quadrate or hexagonal in outline. Superior hemi- 
septum usually present , the inferior one less frequently. Primary orifice anterior , semi- 
elliptical, truncated behind. External apertures rounded , with peristome, and covered , 
when perfect , by centrally perforated closures. Silurian to Permian. 

The zoarial characters of the Fenestellidae are extremely constant, and are of the greatest 
systematic importance. The zoceeial cavity in this family is very similar to that of the 
Ptilodictyonidae and Rhinidictyonidae ; and the same is also true of both the primary and 
external orifices. 
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Ft’fiCbtdhi Lonsd. (Feat btrella dOrb. ; Actiaostomo Young; {Fig. 493\ Zoana 
iial >ellate or fnnnel-riliaped, poriferous? on tlie inner side. Brandies connected at 
regular intervals by dissepiments. Zocecia m two rows, separated by a plain or 
tuberculose median keel. Silurian to Permian. 

tiemicoscinnm Prout ( Cannopom Nick ; Crypt opora Nick.; Cycloporiaa Simpson). 
(Fig. 499, e). Zoaria funnel-shaped, poriferous on the outer side. Dissepiments 
wide, very short, tke branches appearing to anastomose on the non-poriferous face, 
where the fenestrules are sub-rhomboiJal or rounded. Zocecia in two ranges, median 
keel very high and expanded at the summit. Silurian and Devonian. 

Fenestrapora Hall. Like the preceding, except that the reverse of the zoaidum 
and the expanded summits of the carinae bear large, scattered pores, or pits. 
Devonian. 



u, Ai'chimedes dtstans Ulr. Vl \ fWy/Jora suaulutru Uli. 1 ;i and <.*, Et proutana IJlr. »A. 

d, UmtryiJa aoauhs HalL c, Semimanium, interruption R. and S. /, Fenestrtdia compaeta Ulr. 9/j 

(after Uinch, Hall, and Simplon). 


Helicopora Claypole ; Isotrypa, Loculipora , Unitrypa Hall (Fig. 499, d). Silurian 
and Devonian. 

Hemitrypa Phill. (Fig. 499, c). Differs from Fenestella in having a reticulated 
superstructure, whose meshes correspond in position and number with the zocecial 
apertures m the branches beneath. Silurian to Lower Carboniferous. 

Archimedes Lesueur (Fig. 499, a). Distinguished from Helicopora by its solid 
central axis. As a rule, the fenestrated expansion is broken away, leaving only the 
screw-like axis. Lower Carboniferous, 

Lyropora Hall Zoaria flabellate, the fenestrated portion spread between the 
arms of a non-celluliferous U- or V-shaped support ; free or pedunculate at the base. 
Zocecia in from two to five rows. Lower Carboniferous. 

Fenestralia (Prout Fig. 499, /). Having a median keel as in Fenestella , but with 
four ranges of zocecia instead of two. Lower Carboniferous (St. Louis Group). 

Polypora M l Coy ( Protoretepora Koninck) (Fig. 499, l). Differs from Fenestella 
in having two to eight rows of cells on a branch, and in wanting a median keel. 
The latter is sometimes represented by a row of strong tubercles. Silurian to 
Permian. 

Thamniscns King. Like Polypora , but branches bifurcating more freely, and with 
only a few dissepiments or none. Silurian to Permian. 

Phyllopora King. Zoaria funnel-shaped, celluliferous on the outer side, and con- 
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sitting of anastomosing branches, winch form a regular, round-meshed network. 
Zocecia m two or more rows. Devonian to Permian. 

Ptiloporella , Ptiloporina Hall. Silurian and Devonian. Eeteporina d’Orb. 
Devonian and Lower Carboniferous. Anastomopora Simpson. Devonian. 

Family 3. Acanthocladiidae Zittel. 

Zoaria poriferous on one side only , pinnate or forming fenestrated expansions ; con- 
sisting of strong , central stems which give off numerous , smaller , lateral handies from 
their opposite margins. The lateral branches are free or unite with those of the next 
stem. Xon-poriferous dissepiments absent Zocecial characters mostly as in the Fene- 
stellidae . Silurian to Permian. 

Pinnatopora Vine. ( Glauconome auct., non Goldfuss) (Fig. 500, 6, c). Zoaria 

small, delicate, with short, free, lateral 
branches given off frequently at regular 
intervals. Cells in two rows, one on 
each side of a moderate median keel. 
Silurian to Permian. 

Septopora Prout. Zoaria fenestrated, 
flabellate or leaf-like. Primary branches 
numerous, increasing by bifurcation or 
interpolation ; the lateral branches 
uniting with those of adjacent stems. 
Reverse usually with fine striae and 
scattered dimorphic pores. Celluliferous 
Fig. sou. side with two rows of zocecia arranged 

a, Acanthociadia fruticosa Ulr. ty. [V, Pinnatopora as in Pinnatopora. Chester Group and 
temiramosa Ulr. ty** c, P. vinei Ulr. i/i and 9/ 2 (after Q oa } Measures. 

Acanthocladicc King (Fig. 500, a). 
Like Pinnatopora, but larger, stronger, and with three or more ranges of cells. Coal 
Measures and Permian. 

Synocladia King. Differs from Septopora in the same manner as the preceding 
differs from Pinnatopora. Permian. 

Ptilopora j\I‘Cov (. Dendricopora Koninck). Zoaria pinnate, the central branch 
much stronger than the oblique lateral branches, which are united by dissepiments. 
Zocecia in two ranges. Devonian and Lower Carboniferous. 

Diploporaria N. and B. (. Diplopora Young). Essentially a Pinnatopora without 
lateral branchlets. Carboniferous. 

Family 4. Arthrostylidae Ulrich. 

Zoaria articulated, consisting of numerous sub-cylindrical segments united into small 
pinnate or bushy colonies, or of continuous, dichotomously divided branches. Zocecia sub- 
tubular, more or less oblique, radially arranged about a central axis, and opening on all 
sides of the segments ; or one side may be non-celluliferous and longitudinally striated. 
Ordovician and Silurian. 

Arthrostylus Ulr. (Fig. 501, d, e). Zocecia bushy, dichotomously branching, the 
whole consisting of numerous exceedingly slender, equal, subquadrate segments, 
united by terminal articulation. Zooecia usually arranged in three rows between 
longitudinal ridges ; the fourth face with longitudinal striae only. Ordovician. 

Jlelopora Hall (Figs. 501,/; 502). Like the preceding, but the segments are 
larger, and have zocecial apertures on all sides. Ordovician and Silurian. 
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Bccptropora Ulr. Segments short, greatly expanded above, eelluliferoiw all around. 
Ordovician and Silurian. 


> f 

c 



a, JLi'thiodemtt bill uuji>i Ulr. 2 /j. b, A m matnui Ulr. Segment, l- j. <\ Xoiuttn^ura >n lt <td>r Ulr. *> j. 
d, c, Arthfostylus ronjUih'tusXJlr. 12 p f y Heluiiorn hai'>>*i Ulr. 12 j (alter Ulrich). 


Arthroclema Bill. (Fig. 501, a, b). Segments sub-cylindiieal, celluliferous on all 
sides, arranged pinnately. Articulation both terminal and lateral. Ordovician. 

Xematopora Ulr. (Fig. 501, c). Zoaria very slender, 
ramose, continuous above the pointed basal extremity. Zocecia 
sub-tubular, arranged radially about one or tiro minute axial 
tubes. Ordovician and Silurian. 

Glauconome Goldf. (Penniretepora d’Orb.). Zoarium branch- 
ing continuously ; reverse side non-celluliferous ; zocecia as in 
Xematopora. Ordovician and Silurian. 

Family 5. Rhabdomesontidae Vine. 

Zoaria ramose or simple , not articulated , sometimes with a 
large or small axial tube , and generalhj solid. In the latter 
case the axial region is occupied by thin-walled primitive tubes, 
with or loithout diaphragms . Hemisepta usually present , but 
never conspicuous. External zocecial apertures oval or circular , . . . 

regularly arranged , and usually at the bottom of a rhombic or er IC 
hexagonal sloping area , or between longitudinal ridges. Mesopores absent. Ordovician 
to Permian. 



Fig. 502. 


Hdopont spiniftirmis Ulr. 
Stones River; Tennessee. 


-4. 

27, 


Vertical section, M/j, 
Segment, bi and 14 /i 
»r Ulrii 


Ehombopora Meek (Fig. 503, 6). Zoaria slender, ramose, solid. Zocecial tubes 
with the outer or vestibular region thick-walled, apertures arranged in diagonal 
or longitudinal lines. Strong acanthopores and smaller spines generally present 
Ordovician to Permian. 

Bactropora HalL Zoaria simple or only slightly blanched, the lower extremity 
pointed. Lower Carboniferous. 

Ehabdomeson Young. Differs from Ehombopora only in having a slender axial 
tube, to which the proximal ends of the zocecia are attached. Coal Measures and 
Permian. 

Goeloconus Ulr. (Fig. 503, a). Zoaria simple, hollow, expanding gradually from 
the striated base; substance thin. Primitive portion of zocecia short, with well- 
developed hemisepta. Lower Carboniferous, 




Fig 504 

a, Escliaroputn aurjuhu h Ulr. 1 \ and surface $l v b, E. subreda Ulr. »/j. <*, < 1 , Stidopordla cribroM XJlr. Vi 
and surface lS^. Black River of Minnesota (alter Ulrich). 

ment, being added subsequently on each side. In the vestibular or outer region the 
walls are more or less thickened, solid, and with a double row of exceedingly minute 
dots. Silurian and Devonian. 
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Escharopora Hall (. Nicholsonia Waag. and Wentz) (Fig. 504, b). Like Ptilodictya 

but apertures are in diagonally intersecting series. Ordovician. 

Phaenopora Hall Zoaria as m Ptilodictya, except tliat tliere aie two me&ojiores m 
each interspace between the ends of the zocecial apertures. Ordovician and Silurian. 

Arthropora Ulr. Zoaria bushy, spreading in a plane, composed of numerous 
equal segments. Zocecial apertuies elliptical, surrounded by a delicate peristome. 
Interspaces with one or more threadlike ridges, variously disposed, and with a row of 
minute papillae. Ordovician and Silurian. 

Graptodictya Ulr. Ordovician. Clathruporu Hall. Silurian. Stictoporina Hall. 
Devonian. 


Family 7. Stictoporellidae Nickles and Bailer. 

This family differs from the Ptilodictyonidae mainly in that the zoarium is not 
articulated, but grows upward from, and is continuous with, a spreading base 

Stictoporella Ulr. (Fig. 504, <*, cl). Zoaria variously formed, with elliptical 
apertures placed at the bottom of a sloping area. Thick-walled intabulated me&opores 
occur between the zocecial apertures and line the zoanal margins. Ordovician and 
Silurian. 

Stictopora Hall. Ordovician. Ptilotnjpa Ulrich. Silurian. Intrapora Hall. 
Devonian and Lower Carboniferous. Coscinella HalL Devonian. Taeniodictya Finch. 
Devonian and Lower Carboniferous. Heliotrypa Ulrich. Lower Carboniferous. 


Family 8. Rhinidicty ortid ae Ulrich. 

Zoaria bifoliate , continuous or jointed^ forming compressed branches or leaf -like 
expansions ; occasionally trifoliate . Primitiie cells sub-quadrate , arranged longitudinally . 
Both primitive and superficial apertures elliptical or sub-circular , sometimes a little 
truncated posteriorly. Inferior hemiseptum and lunarium wanting . Median tubuli 
present between the median laminae , and between the longitudinal rows of zocecial tubes. 
Mesopores absent , but vesicular tissue often present. Chiefly Ordovician. 


Rhinidictya Ulr. (Stictopora Ulr., non Hall) (Fig. 505, a, e). Zoaria composed of 



Fig. 505. 

n-c, RJiinidktya mutahilu * Ulr. i/j and surface 9,'j. e, Several zoiecia 33/j. tl, e } Cy^todicfya gilbert i Meek. 
Surface is/ T and tangential section *8 2 (after Ulrich). 


narrow, compressed, dichotomously dividing, straight-edged branches, attached to 
foreign bodies by a continuous expanded base. Ordovician and Silurian. 

Eurydictya , Dicranopora , Goniotnjpa Ulr. Ordovician and Silurian. 

Euspilopora Ulr. Small, irregularly divided branches, with serrated or wavy 
edges. Devonian. 
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PhyUodidijo Ulr. Zooecial tubes long, with complete diaphragms, but no 
heniLepta. Ordovician. 

Pachydidya (Fig. 506), Trigonodictya Ulr. Ordovician and 
Silurian. 


Family 9. Cystodictyonidae Ulricli. 

Zoaria consisting of two or three layers of cells grown together 
had fc to back, forming branching , perforated or entire leaf -Wee ex- 
pansions^ or triangular branches. Primitive cells semi-cordate or 
oboiate-aciminate in outline , arranged longitudinally . Primitive 
aperture sub-circular , but becoming drawn out into a tubular 
vestibule as grovAh proceeds. Superficial aperture with peristome , 
and more or less well -developed lunarium. Inten’ocecial spaces 
occupied by vesicular tissue , often filled with a calcareous deposit 
near the surface. Silurian to Permian. 



Fig. 306. 

Pachydietya foliata 
Ulr. Black Rivei *, Min- 
nesota Tangential sec- 
tion, M * (after Ulrich). 


Cystodidya Ulr. (Arcanopora Vine ; Stictocellco Simpson) (Fig. 505, d , e). Zoaria 
ramose, branches sharply elliptical, with sub-parallel, non-poriferous margins. Inter- 
apertural space finely striated, granulose or smooth ; pits and cells showing only m 
a worn condition. Silurian to Permian. 

Coscinium Keyserling ( Coscinotrypa Hall) ; Dichotrypa Ulr. Silurian to Permian. 

Taeniopora Xich. (Pteropora Hall ; Stictoporiclra Simpson). Distinguished from 
Cystodidya by having a longitudinal ridge or keel, which divides each face into two 
equal parts. Devonian. 

Thamnotrypa , Semiopora , Acrogenia , Ceramella , Phractoporc i, Prismopom, Scalaripora 
Hall; Goniocladia Etheridge ; Ptilocella Simpson. Devonian and Lower Carboniferous. 

Evactinopora Heek and Worth. (Fig. 507, 5, c). Zoaria free, consisting of four or 
more vertical leaves arranged in a stellate or cruciform fashion. Lower Carboniferous. 



Fig. 507. 

a, Glyptopora sagendla-lata Ulr. 5, Eractinopom quinque radiata Ulr. i/ x . c, d, E. radiata 
Meek and Worthen i/i (after Ulrich). 


Glyptopora Ulr. (Fig. 507, a). Zoaria consisting of thin expansions traversed on 
both surfaces by salient ridges, or of uni-laminate bases on which the coalescing ridges 
of the upper surface are greatly developed and form large leaves. These ridges or 
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leave? ai*e composed of two layer? of cells growing in opposite direction- from a mesial 
lamina. Upper surface with solid maculae or “ dimples.' 1 Lower Carbonifeious. 

Family 10. Rhinoporidae Ulrich. 

Zooecia simple, oblong or rhomboidal, prone along the basal membrane: vrdibules 
Hired, hemisepta wanting ; front of locecia below icstibulc usually strengthened with solid 
or vesicular tissue . Silurian. 

Rhinopora HalL Zoarium of undulating, bifoliate expansion* ; surface smooth 
and traversed by slender bifurcating ridges. Silurian. 

Lichenalia Hall. Like Rhinopora but unilaminar. Silurian. 

Diamesopom Hall ; Stictotrypa Ulrich. Silurian. 

Family 11. Cycloporidae (provisional;. 

The following genera, all from the Lower Carboniferous and of doubtful affinities, 
are placed in this family : Cyclopora Prout ; Cyclopordla Ulr. ; Proutella Ulr. ; 
JVorthenopora Ulr. 


Order 5. CHEILOSTOMATA Busk. 

(Bryozoaires cellulines, d'Orbigny). 

Zoo:cia oval, turbinate , urceolate , quadrate or hexagonal, arranged usually side by 
side. Orifice more or less anterior, of smaller diameter than the zocecium , closed by a 
movable cover. Ova commonly matured in external marsupia. Appendicular organs 
frequently present. 

The earliest Cheilostomata appear sparsely in the Jura of Normandy, hut their 
progenitors are undoubtedly to be looked for in the Paleozoic Cryptostomata. They 
attain an astonishing development in the Upper Cretaceous, and in the Tertiaries and 
existing seas they greatly surpass the Cyclostomata in number and variety of species. 

Not all of the Cheilostomata have a completely calcified zoarium, some being 
corneous and flexible (Flustridae), and others having the front wall of the zoceeia 
more or less membraneous and the rest calcareous (Membraniporidae). Consequently, 
in fossil examples of the latter, the zooecia are entirely open on the upper or front 
side (Fig. 477). Avieularia and vibracula are very commonly present, and are 
indicated in fossils by the “special pores” in which they were lodged. External 
ovicells are more commonly developed than in the Cyclostomata, and usually occur as 
rounded, blister-like cavities in front of the zocecial apertures. Reproduction hv 
gemmation takes place at the growing edge of the colony, the young cells arising 
from the anterior end or from either side of the parent cell ; and repeated gemmation 
almost always results in a more or less regular arrangement in series. Direct 
communication between adjoining zooecia is effected by means of small perforated 
plates (communication plates, Rosettenplatten ), set in corresponding positions in the 
side walls of each zocecium. 

In the classification of the Cheilostomata, the presence or absence of the compensa- 
tion sac is of great importance. This is a thin- walled sac opening outward through 
a pore, the ascopore, and provided with muscles whose contraction distends the sac 
with the result that the polypide is extended. 

Although much work has been done in recent years upon the morphological and 
systematic study of the CJieilostomata, their classification, particularly the genera of 
the fossil forms, is still in an unsettled condition. The older systems of d’Orbigny 
and Busk were highly artificial, undue prominence having been given to zoarial 
modifications; but through the labours of Smitt, Hincks and Waters, who have 
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with oral spines. Usually one &emi-lunate or circular pore ]>eneath the orifice, 
occasionally two or three. Tertiary and Recent. 

Family 11. Porinidae d’Orbigny. 

Zoo ria encriLstiiujj or trert and ramified. Zoacia with a raised tubular or sub-tubular 
orifice , and frequently with a special pore on the front wall. Cretaceous to Recent. 

' Purina d'Orh. Zoaria counting of flattened or sub-cylindrical branches, celluli- 
ferous on both rides, or encrusting With age the spaces between the raised apertures 
become filled with a porous calcareous deposit. Aviculana and ocecia occasionally 
distinguishable. Cretaceous to Recent 


Family 12. Smittinidae Levinsen. 


For this and the next following family only provisional diagnoses can be given at 
the present time, and for that reason none is attempted here. 

Smittinu Xorman ( Smittia Hincks). Zoaria encrusting, or erect and foliaceous. 
Primary orifice of zooecia sub-orbicular, the lower margin with an internal median 
denticle. Secondary orifice canaliculate below ; generally a small avicularium either 
within or just beneath the sinus. Cretaceous to Recent. 

Mucronella Hincks t'Fig. 520). Similar to Smittina , but with simpler orifice, 



Fig. 520. 


Mucronella cocci nen 
Abildg. Miocene ; Eisen- 
stadt, Hungary. Annin- 
bei ot zooecia enlarged 
(alter Rpuss). The aper- 
tures aie denticulated, 
and each /at mum lias a 
pair of aviculana. o , 
0\ icell. 


and the lower part of the peristome elevated into a more or 
less prominent mucro. Cretaceous to Recent. 

Porella Gray. Zoaria encrusting or erect. Zooecia with a 



Fiu. 521. 

Lcpraliu palladia na Moll. 
Recent ; England. Zooecia 
highly magmtied (after 
Hincks). 



Fig. 522. 

Schizoporella coruuta 
(G. and H.). Post- 
Pliocene; Santa Bar- 
bara Co., Cal. Zooecia 
highly magmlied 
(after Gabb anrl 
Horn). 


semicircular primary orifice; the secondary (adult) orifice elongate, inversely sub- 
triangular, or horseshoe-shaped, and enclosing an avicularium with a rounded or 
sub-triangular mandible, Cretaceous to Recent, 


Family 13. Lepraliidae Smith 

This family, like the preceding one, can be only provisionally defined at present/ 

Lepralia Johnson (Fig. 521). Zoaria encrusting or rising into simple or branching 
expansions, composed of one or two layers of cells. Zooecia usually ovate, the orifice 
with a thin peristome and entire lower margin. Rare in Cretaceous, more abundant 
in Tertiary and Recent. 

Hippo-porina Xeviani. Like Lepralia but aperture constricted by two lateral 
teeth. Tertiary. 

tiekizoporella Hincks (Fig. 522). Zoaria * variable ; zooecial orifice varying from 
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*emicireular to sub-orbicular, the lower margin with a distinct sinus. Cretaceous to 
Recent. 


Family 14. Meniscoporidae Canu. 

This family is characterised by the occurrence of three kinds of zocecia : (1) 
typical zocecia, (2) genesies or zocecia bearing internal ocecia, and (3) avicularia. 
Abundant in Tertiary. 

Meniscopora Gregory. Aperture constricted as in Hippoporina. 

Schizostoma Canu. Like Schizoporella but with genesies. 

Poristoma , Poncellci , Smittistoma and Galvetina Canu ; Lobopora Levinsen. 


Family 15. Reteporidae Smitt. 

Retepora Imperato (. Phidolophora Gabb and Horn) (Fig. 523). Zoaria consisting 
usually of inosculating branches which spring from an encrusting base. Zocecia 
disposed on one face of the branches only, in most cases immersed. Primary orifice 



Fig. 523. 

Itetepo) a cellulosn Linn. Crag ; 
Suffolk, England. 



Fig. 524. 

Mynozoum puiirtatum (PhiLL). Miocene ; Ortenburg, Bavaria. A t 
Zoarram, l/j. B, Upper surface, enlarged. In the forward portion tlie 
apertures are open ; m the rear, covered over by a calcareous deposit. 
G , Cross section of a branch. 


rounded or semi-elliptical with entire border. Afterwards the peristome becomes 
much raised and multiform ; usually there is a fissure below, or there may be a 
prominent rostrum bearing an avicularium. Tertiary and Recent. 


Family 16. Myriozoidae Smitt. 

Mynozoum Donati (Myriopora Blainv. ; Vaginopora Reuss) (Fig. 524). Zoaria 
consisting of thick, dichotomously dividing branches, obtuse at their growing ex- 
tremities, and rising from an attached basal expansion. Zocecia disposed about an 
imaginary axis, even at the surface, their boundaries scarcely distinguishable. Entire 
surface and also the inner walls minutely porous. Orifice above the centre of the 
zocecium, sub -orbicular, notched or canaliculate below. As a rule, the openings are 
closed on the lower parts of the branches by a calcareous pellicle. Tertiary and 
Recent ; perhaps also Cretaceous. 

Family 17. Celleporidae Busk. 

Zocecia urceolate , more or less erect , and irregularly crowded together ; often forming 
several or many mperimposed layers. 

Gellepora Fabricius, emend. Busk (Spongites Oken ; Gelleporaria Lamx.) (Fig. 
525). Zoarium multiform, encrusting, or erect and ramose. Zocecia in the older 
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portions^more or le>s erect and very irregularly disposed. Orifice terminal, entire 
or sinuated, w itli or without internal denticles; in connection witli it are usually one 

or more rostra hearing avicularia. Inter- 
calated avicularia generally present also. The 
surface of weathered specimens dotted Ly 
the unequal apertures of vesicle -like cells. 
Tertiary and Recent. 

Subclass 2. PHYLACTOLAEMATA 
Allman. 

The Bryozoa referred to this subclass 
are soft - bodied, and therefore cannot be 
expected to be found fossil except under 
Fig 525 . unusual conditions of preservation. The 

CeVcpom congiomavta Goiafubs. Ohgocene ; fresh -water Cenomanian beds of Bohemia 
£, St Upp?r surmoe.^^aSa. k ' A> Zoa;num ’ ln ‘ have yielded an organism incrusting a Unio, 

resembling the Recent genus Plumatella. 
Although the structure is too imperfectly preserved for certain identification, this 
specimen (. Plumatdlites prolifer us Fric) may well be a fossil rejiresentative of the 
Phylactolaemata. 



Range and Distribution of the Bryozoa. , 

The class Bryozoa begins in the earliest Ordovician, and is represented con- 
tinuously up to the present time. The older Paleozoic forms belong chiefly to two 
orders — the Cycloatomata and Trepostomata. 

A considerable number of Cyclostomatous genera are present m the Ordovician, 
mobt of them being closely related with Mesozoic and Recent types ; but throughout 
the remainder of the Paleozoic, and in the Trias also, the order is very sparingly 
represented (except for the Ceramoporidae and Fistuliporidae), and in some parts quite 
absent In the Jura and Cretaceous, however, a remarkable increase took place, 
hundreds of species being known from these formations. During the Tertiary their 
strength was again materially reduced, and the living Cyclostomata barely exceed 
100 species in number. 

The Trepostomata appear suddenly and in great variety in the Ordovician, from 
■which over 400 species are known, but entered almost immediately upon a period of 
decline. From the Trenton and Cincinnati groups alone more species have been 
described than from all of the later Paleozoic formations put together. There is’ at 
present no evidence to show that the group survived later than the Paleozoic era, but 
it is not unlikely that their descendants may be found among certain Mesozoic 
families, such as the Ceidae, which are provisionally assigned to the Cyclostomata. 

The Cryptostomata are likewise confined to rocks of Paleozoic age, but, as has 
been remarked above, may be very confidently regarded as the forerunners of the 
Cheilostomata. True members of the latter group are first met with in the Jura, but 
they develop rapidly, and from the Cretaceous onward remain the dominant type. 

The Triassic and Liassic Bryozoans belong chiefly to the Cerioporidae. This 
family, together with the Diastoporidae, Fascigeridae, and other members of the 
Cyclostomata, is abundantly represented in the Middle Jura of Lorraine, Southern 
Germany, England and Normandy. The Upper Jura, on the contrary, yields com- 
paratively few Bryozoan fossils. 

The Cyclostomata still predominate in the Neocomian and Gault, but in the 
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Cenomanian a number of Clieilostomatous genera make their appearance. The fauna 
is especially well developed in the vicinity of Le Mans, Havre and Essen, and in 
Saxony, Northern Germany and Bohemia. 

Bryozoans are surprisingly abundant in the Upper Cretaceous, particularly in the 
Upper Planer of Northern Germany, Saxony and Bohemia, in the White Chalk, and 
the facies of Aix-la-Chapelle and Maestricht. D’Orbigny alone has described not less 
than 547 species of Upper Cretaceous Cyclostomata, and about 300 Cheilostomata ; 
many of these, however, are synonyms or unrecognisable. 

The Cheilostomata retain their supremacy throughout the Tertiary period. The 
Eocene and Oligocene deposits of the northern and southern slopes of the Alps are 
remarkable for the abundance of their Bryozoan remains ; some of the most noted 
Eocene localities being Kressenberg, Hammer and Neubeuern in Upper Bavaria; 
Mossano, Crosara and Priabona, near Vicenza; and Oberburg in Styria. The 
Oligocene of Northern Germany, and the Miocene of Touraine, the Phone Valley/ 
Upper Swabia, and the Vienna Basin, are also remarkably rich in Bryozoan remains. 
The Pliocene fauna of Italy, Rhodes, Cyprus and England (notably the Coralline 
Crag) is made up almost entirely of existing genera, and in many cases of existing 
species. 

[The revision of the preceding chapter on Bryozoa has been prepared for the present 
edition by Dr. R. S. Bassler, of the United States National Museum at Washington, D.C. — 
Editor.] 


Class 2. BRACHIOPODA Dumeril. 1 

(Revised by Charles Schuchert.) 

Bivahed Molluscoidea with ineguivahed , equilateral shells attached to extraneous 
objects by a posterior prolongation of the body , or pedicle, throughout life or during 

1 Literature: A. Anatomy and Embryology. — Hancock, A., On the Organisation of Brachio- 
poda. Phil. Trans., 1858, vol. cxlviii. — Morse, E. S., On the Early Stages of Terebratulina 
septentrionalis. Mem. Boston Soc. Nat. Hist., 1873, voL ii. — On the Systematic Position of the 
Brachiopoda. Proc. Boston Soc. Nat. Hist., 1873, vol. xv. — Kovalevski, A. 0., Observation on the 
Development of Brachiopoda. Proc. Imp. Soc. Amateur Nat. Moscow, 1874, vol. xiv. — Brooks, 
TV. K., The Development of Lingula and the Systematic Position of the Brachiopoda. Sci. Results 
Chesapeake Zool. Lab. 1878. — Shipley, A. E., On the Structure and Development of Argiope. 
Mittheil. Zool. Station Neapel, 1883, vol. iv. — Oehlert in Fischer's Manuel de Conchyliologie. 
Paris, 1887. — Beecher , C E., and Clarke , J. M., The Development of some Silurian Brachiopoda. 
Mem. New York State Museum, 1889, vol. i. — Beecher , C. E ., Development of the Brachiopoda. 
Amer. Joura. Sci., 1891-92, vols. xli., xliv. — Revision of the Families of Loop-bearing Brachiopoda. 
Trans. Conn. Acad., 1893, vol. ix. — Beecher, C. E., and ScMichert, C., Development of the Shell 
and the Brachial Supports in Dielasma and Zygospira. Proc. Biol. Soc. Washington, 1893, 
vol. viii. — Buckman , S. S., Homoeomorphy among Jurassic Brachiopoda. Proc. Cotteswold Nat. 
Field Club, 1901, voL xiii. — Bracbiopod Homoeomorphy : Pygope, Antinomia, Pygites. Quart. Joura. 
Geol. Soc. London, 1906, vol. lxii. — Bracbiopod Homoeomorphy : “Spirifer glaber. 5 ’ Ibid., 1908, 
voL lxiv. — Blochmann, F., Untersuchungen uber den Bau der Brachiopoden. Jena, 1892, 1900. 

B. Distribution of Recent Forms. — Schuchert, O., Paleogeographic and Geologic Significance of 
Recent Brachiopoda. Bull. Geol. Soc. America, 1911, vol. xxii. 

C. Bibliography. — Doll, TF. H., Index to the Names which have been applied to the Sub- 
divisions of the Class Brachiopoda. Bull. U.S. Nat. Museum, No. 8, 1877. — Davidso'n, T., and 
Dalton, TV. H., Bibliography of the Brachiopoda. Palaeont. Soc., 1886. — Schuchert , C., Synopsis 
of American Fossil Brachiopoda. BulL U.S. Geol. Surv., 1896, No. 87. 

D. Systematic Works. — TVcdcott , O. D Cambrian Brachiopoda. Mon. 51, U.S. Geol. Surv., 
1912. — Davidson, T., Monograph of British Fossil Brachiopoda. Palaeontographical Society, 
1851-86, vols. i.-v. — Idem , A Monograph of Recent Brachiopoda. Trans. linn. Soc., 1886-88, 
voL iv. — Waagen, W., Salt Range Fossils. Palaeont. Indica, ser. 13, 1882-85, voL i. — Bittner, A 
Brachiopoda der Alpinen Trias. AbhandL k.k. geol. Reichs-Anst. , Wien, 1891-92, vols. xvi., xvii. — 
Hall, J., and Clarke, J. M., Introduction to the Study of Palaeozoic Brachiopoda. Palaeont. New 
York, 1892-95, vol. viii., parts 1, 2. — An Introduction to the Study of the Brachiopoda. Rept. 
New York State Geologist, 1892-93, parts 1, 2. — Schuchert , C., Synopsis, etc., see above. — 
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only a portion of their existence , or cemented •centrally. Valves ventral and dorsal . 
In composition , phosphatic or calcareous or loth. Animal enveloped by two pallicd 
membranes intimately related to the shell. Within the mantle cavity at the sides of the 
mouth are inserted the two , more or less long , oral, usually spirally enrolled, cir rated 
brachia, which are variously modified, and are supported in the Terebratulacea and 
Spiriferacea by an internal calcareous skeleton, or brachidium , attached to the dorsal 
valve. Anus present or absent. Central nervous system consisting of an oesophageal 
ring with weakly developed brain and infra-oesophageal ganglionic swellings. Blood- 
vascular system probably present with the sinuses developed into vascular dilatations 
at the back of the stomach and elsewhere. Sexes separate. Exclusively marine. 

The class begins well represented in the Lower Cambrian, attains its 
maximum development in the Silurian and Devonian,, and is represented by 
about 158 living species. Probably upwards of 7000 fossil and recent species 
have been described ; these are distributed in 450 genera, grouped in 42 
families, 14 superfamilies, and 4 orders. 

Cuvier (1792 and 1802) was the first to distinguish the Brachiopods from 
the Acephala, and created for them a fourth family in his class of Molluscs. 
To Dumeril (1806) we owe the now generally accepted class name Brachio- 
poda, or arm-footed animals. Since the arms, or brachia, are not homologous 
with the foot of Molluscs, Gray (1821) changed the name to Spirobranchiopoda ; 
Blainville (1824) to Palliobranchiata ; Risso (1826) to Branchiopoda ; Broderip 
(1839) to Brachiopodidae ; Agassiz (1847) to Branchionopoda ; Bronn (1862) to 
Brachionocephala ; Paetel (1875) to Branchionobranchia ; and Haeckel to Spiro- 
branchia. Hone of these has displaced Dum6ril’s term, though the latter is 
founded on a false physiological interpretation of the brachia. 

External Characters : Form. — The shells of Brachiopods are very 
variable in form. Usually both valves are convex, but they may be nearly 
flat, with the interior cavity extremely shallow, or the dorsal valve may be 
concave and follow closely the curvature of the convex ventral valve. The 
ventral valve may be cone-shaped, with the dorsal operculiform, or the 
former may be so modified by cementation as to assume the appearance of a 
Cyathophylloid coral. The shell is commonly rostrate, with the ventral beak, 
or apex, more or less incurved over that of the dorsal valve, or the valves 
may be very greatly extended transversely. In fact, the form of the shell of 
Brachiopods is so variable that, as a rule, no greater value than specific can 
be attached to this feature. 

Fixation. — The animal is generally attached to extraneous objects by a 
muscular pedicle which projects either from between the contracted posterior 
margin of the two valves (Fig. 536, A), through an opening in or under the 
beak (Fig. 535, B), or through the ventral valve (Fig. 556, A). With 
increasing age, however, the pedicle opening frequently becomes closed, and 
the pedicle itself atrophied. The animal may then be anchored by spines 

Sehettvoien , JEJ Die Fauna der Trogkofelschichten. Abhandl. d. k.k. geol. Eeichs-Anst, 1900, 
vol. xvi., pt. 1 . — Ship in, E., Die Spiriferen Deutschlands. Geol. -pal. Abhandl., *1901, vol. viii.— 
Tschernyschew , T., Die oberearbonischen Brachiopoden d. Ural und d. Timan. Mem. Comite Geol., 
1902, vol. xvi., No. 2. — Girty, G. H., The Guadalupian Fauna. Profess. Paper 58, U.S. Geol. Surv., 
1908. — Buckman , S. S. } Brachiopod Nomenclature. Ann. Mag. Nat. Hist. (7), 1906, vol. xviii. 
— The Genotype of Terebratula. Ibid., 1907, vol. xix. — Brachiopod Morphology : Cincta, Eudesia, 
and the Development of Eibs. Quart. Journ. Geol. Soc. London, 1907, vol. lxiii. — Weller, S., 
Internal Characters of some Mississippi Ehynchonelliform Shells. Bull. Geol. Soc. America, 
1910, vol. xxi. —Genera of Mississippi Loop-Bearing Brachiopoda. Journ. Geol., 1911, vol. xix. 
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( Chonetes , Productus) or be cemented by the whole or a part of the surface of 
the ventral valve ( Crania , Davidsonia , Tliecidea , Streptorhjnchus ). In some cases 
( Grlottidia and Lingula) Brachiopods live throughout life partially buried in the 
sand or mud of the sea-bottom. 

Ornamentation . — The external form and ornamentation of the shell afford 
important characters for determining the species. The anterior margin of 
one valve is frequently indented by a median sinus, and the other usually 
exhibits a corresponding fold, or elevation. 

In the earliest shell growth stages Brachiopod shells are invariably smooth, 
and may remain so throughout life, but the greater number develop radial 
striae, ribs or undulations, and these are usually crossed by concentric growth 
lines, or lamellae, which are sometimes of great width, or may be extended into 
spines. There may be more or less long tubular spines scattered over one or 
both valves, or sometimes restricted to a single row along the cardinal line. 
Under the term Loricaiae, Leopold von Buch included all Brachiopods in which 
the radial folds, or costae, are arranged in regular succession in such manner 
that elevated ridges at the anterior margin of one valve coincide with the 
indentations of the other. In the Biphcatae , a median fold or sinus is 
bordered on either side by a broad fold. In the Cinciae, the plications of the 
two valves meet at the anterior margin in such manner as to form a straight 

instead of a crenulated line, as in the Biphcatae. In young specimens the 

ribs and folds are less prominent and numerous than at maturity. In very old 
or senile individuals the shell is usually thickened and obese, and the growth 
lines are much crowded anteriorly. At this stage inherited specific characters 
are seen to disappear, and at the same time new ones may be introduced. 

Shell Structure. — The test of Brachiopods is composed of laminae of various 
structure and composition, but differs considerably from that of Molluscs. 
The shell may be wholly calcareous or alternately calcareous and corneous. 

When entirely calcareous the laminae are never more 

than three in number: an inner thick prismatic layer, 
an intermediate laminar layer, and an outer epidermal 
film. The inner layer is made up of flattened prisms of 
calcite arranged parallel to one another with great regu- 
larity, and forming an acute angle with the surface of the 
shell (Fig. 526). In the Thecidiidae these fibrous prisms 
are so intimately united with one another that the shell 
substance appears almost homogeneous. Very often the 
fibrous layer is perforated by a series of minute canals 
which pass from one surface of the valve to the other 
in a more or less vertical direction, and are somewhat 
dilated externally. These canals contain tubuli, or certain 
prolongations derived from the mantle, but never com- 
municate with the exterior, owing to the fact that the 
laminar layer of the shell is always covered with a 
chitinous epidermis (periostracum ). With the aid of a magnifier the openings 
of these canals are visible in fossil forms, and they may be also seen in recent 
specimens after the epidermis has been removed by an application of caustic 
potash (Fig. 527). According to the presence or absence of tubuli, Brachiopods 
are distinguished as punctate or impundate. 

The Craniidae have thick shells composed of concentric layers of carbonate 



Fig. 526. 

Prismatic fibrous struc- 
ture of shell of BhynchoneUa 
( Eemithyris ) pbitiacca, 
(after Carpenter). 
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the metamorphoses which the loops of the Terebratulacea undergo. According 
to (Ehlert and Beecher, the loop of the living austral genus Magellania passes 
through stages which correspond successively to those of Gwynia , Argyrotheca , 
Bouchardia, Magas, Magasella , Terebratella and Magellania ; and Friele has 
shown that the metamorphoses of the loop in the boreal form Macandrevia 
cranium correspond in succession to the genera Platidia, Ismenia, Muehlfeldtia , 
Terelratalia and Macandrevia . 

A knowledge of the character of the brachidia in the Spiriferacea and 
Terebratulacea is almost always requisite for critical generic determinations. 
But an examination of the interior of the shell in fossil Brachiopods often 
involves great difficulties, owing to the infiltration of calcite, or the filling up 
of the shell cavity with sediment. Not infrequently the shell and the 
brachidia are secondarily replaced by silica ; and if the interior filling matter 
be dissolved away by dilute hydrochloric acid, exquisite preparations may be 
obtained, often revealing the minutest details. Sometimes hollow shells are 
found, in which the brachidia are well preserved, but these structures 
generally are more or less encrusted. It is often necessary to remove the 
ventral valve, when the infiltrated material can be cut away by the use of 
proper tools. Success in manipulations of this kind requires not only con- 
siderable dexterity, but the conditions of preservation must have been very 
favourable. The brachidia must be perfectly preserved, and the surround- 
ing matrix must admit of being removed without injury to the specimen. 
When other expedients fail, recourse can still be had to polishing, the shell 
being gradually ground down by abrasion with emery powder on a glass 
plate. The beaks are first ground away, until the first traces of the crura 
appear; the surface is then cleaned and kept moistened while a careful 
drawing is made. Grinding is resumed for a short interval, when the 
surface is again cleansed and drawn. This process is repeated until the 
sections include the entire brachial support. From the series of transverse 
sections thus obtained, the brachidium can be ideally reconstructed. 

The spondylium is an internal ventral plate traversing the posterior 
portion of the valve (Fig. 585, 0). On the superior surface of the plate are 
inserted the adductors, diductors and the ventral pedicle muscles. Beneath 
the spondylium, which may be supported by a median septum, are situated 
the reproductive organs. The plate is homologous with the solid or excavated 
platform of the Atremata (Trimerellidae and Lingulasmatidae). 

Soft Parts: Mantle . — Lining the entire inner surface of the shell is a 
thin, transparent membrane, which appears in the embryonic condition as 
two distinct lobes of the thoracic segment in the Cephalula stage. This is 
the mantle or pallium , which is primarily concerned in the secretion of the 
shell. In Crania it consists of three layers : a middle cartilaginous, an inner 
ciliated one, and an outer layer of cells. The layer lying against the surface 
of the shell is often studded with minute caeca or blind tubes, which enter 
the perforations of the test. The mantle (or certain of its layers) is folded 
upon itself at various points, enclosing cavities or pallial sinuses , which contain 
the circulating fluids, and frequently portions of the genital organs . Distinct 
impressions of these sinuses are often observable in the valves of both recent 
and fossil specimens (Fig. 532). In all the greater sinuses of the mantle, in 
the perivisceral cavity, and in the cavernous brachia and cirri, occur calcareous 
spicules of various shapes. These are especially abundant in the Thecidiidae, 
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and form an irregular mass or network. They appear to be absent in 
Magellania , Terebratella and Lingula . The outer margins of the mantle are 
thickened and set with numerous chitinous, simple 
or barbed setae, sometimes of great length. 

The shell cavity is divided by a vertical mem- 
branous wall, which is an extension of the mantle, 
into two regions : a posterior, or visceral cavity, and 
an anterior, or brachial cavity . The posterior cavity 
contains the principal viscera, the alimentary, cir- 
culatory, nervous and muscular systems. The an- 
terior chamber is occupied by the arms. 

Organs of the Visceral Cavity . — The membranous 
partition is pierced centrally by the oval or slit-like 
mouth , from which the digestive tube extends back- 
'wards as a simple or bent canal. In inarticulate 
species, the alimentary canal is very long, makes 
several convolutions, and terminates in a well-defined anus , situated on one 
side of the animal. In the Protremata and Telotremata the digestive tube 
is shorter and much simpler than in the Atremata and Neotremata. The 
intestine makes a single convolution and terminates blindly in the living 
representatives of these orders, being surrounded by large hepatic lobes. 
In many Paleozoic species it probably did not terminate blindly, since the 
intestine passed through the hinge-plate by a central foramen. There is no 
heart, circulation being apparently maintained by the cilia lining the vas- 
cular sinuses. These sinuses pass into the perivisceral chambers, and are 
developed into vascular dilations at the back of the stomach and elsewhere. 
These bodies are not contractile, and their function is unknown. Two 
numerously branched vascular trunks diverge from the anterior portion of 
the perivisceral chambers, traversing the mantle in either valve to its 
margins, and several others pass over the fleshy brachia for their entire 
length. The nervous system consists of a circum- oesophageal ring on which 
two supra-oesophageal ganglia are inserted. From the swellings of the 
oesophageal ring (notably from that on the lower side), nerve fibres are 
given off to the brachia, muscles, pedicle and the two lobes of the mantle. 
In adult Brachiopods sense organs are not known with certainty; but in 
the embryos such are believed to be present. So far as is known the 
sexes are always separate. The sexual organs in both male and female 
are located essentially alike, and have a paired arrangement. Generally 
they occupy the main trunks of the vascular sinuses, but may extend into 
the visceral chamber, or, in some of the inarticulate forms, may be restricted 
to the latter. 

The Brachial Cavity . — The greater part of the anterior or brachial cavity 
is occupied by the spirally enrolled labial appendages, the so-called arms, or 
brachia . These are two in number, one at each side of the mouth, and are 
of extremely delicate constitution (Figs. 533, 534, and 531, A). The tissue 
of which they are composed is essentially cartilaginous, and is traversed by 
several circulatory canals as well as by a groove. The* outer edges of the 
brachia are fringed with long and movable cirri or tentacles , by means of which 
currents are set up that conduct small food particles to the mouth. The 
arms are frequently supported by a slender calcareous framework called 



Fig. 5S2. 

f. a 'uJ'iH'id 1 i >i n*u'LS 

Howse. Permian ; Humbleton, 
England. Internal mould showing 
Impressions of pallial sinuses 
(after Davidson). 
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the brachial supports, or brachidia , described above. There are no special 
respiratory organs, the blood being oxygenated in the inner surface of the 

v a mantle and in the spiral 

- i: . ' " their valves, and to a 

Fig 534.! . , , , 

Fig. o3o. Mayelbnwi flttvescens (Yal.). Median vertical limited extent can pro- 


W" 


Liothynna vitrea 

(Linnaeus). Recent. uiauH«u ^ * j «>.*•**•*'•* ^/.wwwuu , , . 

Fleshy hrachia simply r, Ahmentary canal; v. Mouth; as, Septum; a, pedicle. In the artlCU- 
recurved. Adductors ; c, cT, Diductors (after Davidson). f orms (p rotremata 

and Telotremata) there are three sets of muscles — namely, the didnctors , 
which by contraction open the valves j the adductors , which by contraction 
close the valves ; and the pedicle muscles , or adjustors , which also by contrac- 
tion withdraw the pedicle. The points of attachment of these muscles leave 
more or less distinct impressions in the valves of both recent and fossil 
Brachiopoda, and the subject is therefore worthy of careful examination. 

The adductors , or closing muscles, are attached on either side of the median line 
in the dorsal valve, and leave two elongate seal's lying immediately to the right and 
left of the median line, enclosed between the diductors (Fig. 535 , B, a). These 
muscles extend almost b 

directly from one valve p y P’ ^ i / 

to the ether, and as each 

muscular band is once < 

divided, their insertions J' / /O nTllTN^^^ a 

on the dorsal valve are ff \ f ( \ 

quadruple. Their im- rj \ jf, f \ { \ A- 5 

pressions on this valve are I Jj. E JT,.] vi 

known as the anterior and IL l Y/ 1,11 if,. ]J 

posterior adductors (Fig. JR Jjl \ J jJ 

The principal diduc- Ml \JyVc n|[ / . X$ 

tors , or opening muscles, ^ . - = \ 

originate on the ventral ^ # t W | i | 1 

valve at the anterior edge 

of the visceral area, and FlG * 5S6 * 

«« _ 4 ? Magellania flavescens (Val.). Recent; Australia (after Davidson) A, 

on eitner side 01 tne Dorsal valve. B, Ventral valve. D, Deltidial plates. F, Foramen. S, 
median line; the scars of Doop. pr, Cardinal process; x, Hinge-plate; s, Hinge-teeth; a, a\ Im- 
n pressions of adductors ; d, d r , Diductors ; p, p', Pedicle muscles, 
these muscles being usually 

the largest and deepest of any in the animal. They taper rapidly in crossing the 
interior cavity, and their small extremities are attached to the anterior portion of 
the cardinal process of the dorsal valve. There are also inserted on the cardinal 
process, behind the principal diductors, two much smaller muscular bands, which 
are called the accessory diductors. Their attachment on the ventral valve is repre- 
sented by two feeble scars in the posterior part of the muscular region, but these are 
rarely observable in fossil specimens (Fig. 535 , A, B, d). 


Matjellmua flttvescens (Val.). Median vertical limited extent Can pro- 
section, slightly enlarged d, Spiral brachia ; h , trude and retract the 
Fnnged brachial margin, pr, Cardinal process; 

z, Ahmentary canal ; v, Mouth ; ss, Septum ; a, pedicle. In the artlCU- 
Adductors ; c, d, Diductors (after Davidson). F . a /p VAfTIQrn 0 f „ 
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Wlien a functional pedicle is present, there are found, in addition to the valvular 
muscles, two pairs (one to each valve), and a single impaired muscle; these are 
attached to the pedicle, and are called the pedicle muscles (Fig. 535, 1?, p,p'). The pair 
in the ventral valve originates immediately outside of and posterior to the adductors 
and diductors ; the pair in the dorsal valve is attached behind the posterior adductors ; 
and the unpaired muscle lies at the base of the pedicle in the ventral valve. Only 
the latter unpaired band, as a rule, leaves a perceptible scar in fossil specimens. 

The entire muscular system in the Protremata and Telotremata works with the 
utmost precision. The cardinal process is received 
between the teeth of the ventral valve in such a 
manner as to allow the dorsal valve to swing freely 
m the median vertical plane as on hinges, and at 
the same time prevents motion in a lateral direc- 
tion. The diductom, being attached to the cardinal 
process, act upon a lever arm when they contract, 
thus opening the valves, while the contraction of 
the adductors serves io close them (Fig. 534). 

In the Atremata and Neotremata the muscles 
are arranged differently, and are often more compli- 
cated and numerous, as articulation is almost never 
present in these orders. The greatest complexity is 
attained in Lingula (Fig. 536), because these animals, 
in addition to the absence of articulation, slide their 
valves laterally. 

Ontogeny. — The development of Brachio- 
pods from the egg to maturity may be divided 
into two periods : (a) stages of development from 
the egg to that condition in which the animal is il 

recognisable as possessing some distinctive class Interior of ventral valve showing mug. 
characters ; and (o) from the first shelled con- Protractors ; p, Retractors ; 0, Pedicle 
dition, or protegulum, to maturity and old age. muscle ’ 



Our knowledge*, of the earliest embryonic conditions is restricted to Terebratujpna , 
Liothyrina , Argyrotheca and Thecidca. After fertilisation the larvae may remain 
attached, and pass their early stages within the parent ; or they may develop cilia 


before segmentation, and be set free in the 
free larvae swim by the aid of cilia with 
marked stages of development before the 
larvae can be definitely recognised as 
Br.acliiopods. These are : (1) The prot- 
embryo , which includes the ovum and its 
segmented stages preceding the formation 
of a blastula, or primary internal cavity 


ABC D 



Pig. 537. 


Arayrothcca neapoliiana (Schacehi). Recent. 
A, Protombryo ; unsegmented ovum. B, Prot* 
embryo; ovum composed of two spheres. C, 
Mesembryo ; blustosphere. A Metembryo ; gast- 
rula (after Shipley, from Beecher). 


pallial chamber or in the sea-water. The 
a twirling motion. There are five well- 


A B c 



Fig. 538. 


Argyrotheea neapolitana (Schacchi). A Neo- 
embryo ; embryo of two segments. B, Neoembryo ; 
cephalula, ventral side, showing cephalic, thoracic 
and caudal segments, eye-spots, and bundles of 
setae. C, Neoembryo; lateral view of completed 
cephalula stage, showing extent of dorsal ( d ) and 
ventral (v) mantle lobes, and umbrella -like 
cephalic segment (A and B after Kovalevski, C 
after Shipley ; all reproduced from drawings by 
Beecher.) 






(Fig. 537, .4, B ); (2) the mescmbryo , or blastosphere, a multi-segmented larva with an 
internal cavity (Fig. 537, C); (3) the met embryo, or gastruk stage (Fig. 537, I)); (4) 
the neoembryo", qt the ciliated Cephalula stage, which consists at] first of a cephalic lobe, 
bearing eyes in Aryyrotheccc , and a caudal lobe, to which is added later a thoracic 
segment carrying four bundles of setae, while at the same time the dorsal and ventra 
sides of the latter segment become extended over the caudal lobe, and are progres- 
sively defined as two lobes (Fig. 538); (5) the typembryo , or larval stage, in which 
the dorsal and ventral thoracic lobes, or mantle, fold over and enclose the cephalic 
lobe (Fig. 539, B). Upon the mantle lobes, either 
before or after turning, there is a corneous integument 
which develops into the protegulum before the for- 
mation of the true shell The caudal segment be- 
comes the pedicle, and may in this stage serve to 
attach the larvae to foreign objects, or the pedicle 


Fig. 540. 

Argyrotheca iicapolitana (Schacchi). 
A, Phylembryo ; Brachiopod show- 
ing shell (pi otegulum), beginning of 
tentacles of lophophore (Z), obsoles- 
cence of eye -spots, and formation 
of oesophagus ; t, Hinge-teeth ; vp, 
Fig. 539. Ventral pedicle muscles B, Nepio- 

nic Brachiopod, showing distinct 

Arqyrotheca ncapohtana (Sehacchi). A, Neoembryo ; completed tentacles of lophophore, mouth and 
cephalula stage. i>*, Typembryo; transformed larva resulting from stomach, and transformation of 

folding upwards of mantle lobes over cephalic segment ; ad, Muscles muscles from typembryo ; ad, Ad- 

from bundles of setae to sides of body cavity ; di, Muscles fiom doisal ductors ; di, Divaricators ; vp, 

to ventral sides of body ; i'p, Muscles from ventral side of body to Ventral pedicle muscles (after 

caudal segment or pedicle (after Kovalevski, from Beecher). Kovalevski, from Beecher). 





may remain undeveloped for a time. A rudimentary digestive tract is present, and 
also four pairs of muscles, which later become the adductor, diductor and ventral 
pedicle muscles. * 

In the phylembryo , or sixth stage of development, the embryonic shell, or protegulum, 


A b c 



is completed; the tentacular lobes of 
the lophophore, or brachia, appear ; the 
four bundles of setae are dehisced; ob- 
solescence of the eyes occurs, as well as the 
agreement of the muscular system with 
that in adult forms (Fig. 540). 


Fig. 541. 

Thecidea (Lacazella) meditermnea (Risso). Recent. 
A, Borso- ventral longitudinal section of cephalula; 
7t, Head; d, Borsal mantle lobe; v, Ventral mantle 
lobe; d$, Beginning of dorsal valve; del, Shell plate 
forming on dorsal side of body ; p, Pedicle. B, Dorso- 
ventral longitudinal section of typembryo ; vs, Ventral 
valve ; hi, Hinge-line of dorsal valve. C, Adult speci- 
men seen from the dorsal side, showing ventral area and 
deltidium. (A and B after Kovalevski ; C after Beecher. ) 


The prototype preserving throughout its 


The protegulum has been observed by 
Beecher in many genera, representing 
nearly all the leading families of the 
class, and therefore it may he inferred 
that the protegulum is common to all 
Brachiopods. It is semicircular or semi- 
elliptical in outline, with a straight or 
arcuate hinge-line, and no cardinal area, 
development the main features of the 
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protegulum, and allow ng no separate or distinct stages of growth, is represented by 
the genus Paterina (Fig. 543). 

So far as observed, the protegulum, or Paterina stage , in the Atremata and 
Telotremata is followed by the Obnlella stage of nearly circular outline. After this 
stage, specific characters appear, and in the open delthyriuin of the Telotremata there 
are usually developed the first rudiments of the deltidial plates. In the Protremata, 
the Paterina stage is not followed by the Obolella stage, but the wide delthyriuin of the 
protegulum is at once a fleeted and modified, and develops into the deltidiuna In the 
Acrotretacea, belonging to the Neotremata, there is often developed a homceodeltidium, 
resulting from secretion by the mantle, and therefore of different origin from the true 
deltidium occurring in the Protremata, which is deposited by the pedicle. In the 
Discmacea, belonging to the Neotremata, the pedicle opening is an open notch in the 
posterior margin of the ventral valve. In derived forms this is progressively closed 
posteriorly ; geologically in the phylum, and ontogenetically in the latest derived 
genera and species. 

Habitat and Distribution. — Brachiopods are usually gregarious in 
habit, often growing in clusters attached to one another. This is not only 
true of Recent species, but of Paleozoic forms as well. Brachiopods are 
found in all latitudes and at all depths, but are largely shallow-water animals, 
for of the living species 71 per cent occur between the strand-line and 100 
fathoms. Liothyrina wymllii was dredged from the enormous depth of 2945 
fathoms. Terebratulina capui-serpentis ranges from a few fathoms to a depth 
of 1170 fathoms. 

Brachiopods are most abundant in warmer seas, the Japanese province having 
twenty-nine species. As a rule, those occurring in cold waters are not found 
in warm waters. Lingulids and Discinids are almost restricted to the strand- 
lines in warmer waters less than 60 feet deep. Of the thirty-three living 
genera, at least 60 per cent have fossil representatives. Lingula and Crania 
have lived since the Ordovician ; since the Jurassic, six genera have continued, 
since the Miocene one, since the Pliocene seven, and since the Pleistocene three. 
Of the 158 living species only 16 per cent occur fossil, and but five are as old 
as the Eocene and Miocene. Three genera are confined to the deep sea, and 
all of the abyssal forms are usually thin-shelled, brittle and translucent. 

Migration of Brachiopods is possible only during the early larval stages, 
and then to a very limited extent among the articulate forms. Morse observed 
that Terebratulina became attached in a few days, but Muller kept Disdnisea 
in confinement nearly a month before any became sessile. 

Colour. — The shells of most living species are of light or neutral tints, 
white or horn-colour. A deep orange-red in radiating bands or in solid tints 
colours some species ( Terebratulina , Kraussina, etc.) ; light yellows, deep and 
light shades of green ( Lingula), black in bands (Crania), or masses (Ehynehonella) 
embellish these shells. Even among the fossil species traces of faded colour- 
marks are occasionally observed ; Deslongchamps has described them among 
Jurassic species, Davidson among the Carboniferous, and Kayser has found a 
colour-marked Ehynehonella in the Devonian. The large highly ornamented 
species of Paleozoic times, with their external sculpture heightened by a 
brilliant colouring, must have been objects of exquisite beauty (Hall and 
Clarke). 

Classification. — The Bracbiopoda, since 1858, have been divided by 
nearly all systematists into two orders, based on the presence or absence of 
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articulating processes. These divisions, £t Articules and Libres,” were recog- 
nised by Deshayes as early as 1835, but not until twenty-three years later 
were the names Lyopomata and Arthropomata given them by Owen. These 
terms have been generally adopted by writers, though some prefer Inarticulata 
and Articnlata Huxley, or Bronn’s Ecardines and Testicardines . Bronn (1862) 
and King (1873), while retaining these divisions, considered the presence or 
absence of an anal opening more important than articulating processes, and 
accordingly proposed the terms Pleuropygia and Apygia, and Tretentemta and 
Clistentemta respectively. In many Paleozoic rostrate genera of Clistenteraia, 
it has been shown that an anal opening was also present, and therefore the 
absence or presence of this organ is not of ordinal value. 

The first attempt to construct a classification of the Brachiopods was that 
of Leopold von Buch, who took for his principal differential characters the 
conformation of the umbonal region, the presence or absence of a pedicle, the 
nature of the deltidium, and the external form and ornamentation of the shell. 
While his classification does not reflect a perfect understanding of the features 
in question, it is remarkable that von Buch, nearly eighty years ago, and 
Deslongchamps, twenty-eight years later, recognised some of the principles 
upon which the classification of the Brachiopoda is now established, as, for 
example, the nature of the pedicle opening. 

Up to 1846 the general external characters of the Brachiopods served 
the majority of authors as the essential basis for generic differentiation. In 
that year, however, King pointed out that more fundamental and constant 
characters exist in the interior of the shell, a fact which soon came to be 
generally recognised, mainly through the voluminous and admirable contribu- 
tions of Thomas Davidson. 

\ * Waagen in 1883 found it “absolutely necessary” to divide Owen’s two 
orders into seven suborders. The basis for these suborders rests on no 
underlying principle of general application, and yet five of these divisions are 
of permanent value, for each contains an assemblage of characters not common 

J o the others. 

No classification can be natural and permanent unless based on the history 
of the class ( chronogenesis ) and the ontogeny of the individual. However, as 
long as the structure of the early Paleozoic genera remained practically un- 
known, and the ontogeny wholly unrevealed, nothing of a permanent nature 
could be attempted. In the excellent volume by Hall and Clarke (Palaeontology 
of New York , vol. viii., 1892-95), the great majority of the Paleozoic genera 
are clearly defined. The ontogenetic study of the Paleozoic species was 
initiated in 1891 by Beecher and Clarke, followed by Beecher, and more 
recently by Schuchert ; and their results combined with those derived from 
the study of the development of some living species, such as have been 
published by Kovalevski, Morse, Shipley, Brooks, (Ehlert, Beecher and 
others, confirm the conclusion reached through chronogenesis. Moreover, the 
application by Beecher of the law of morphogenesis, as defined by Hyatt, 
and the recognition and establishment of certain primary characters have 
resulted in the discovery of a fundamental structure of general application for 
the classification of these organisms. It has for its foundation the nature of 
the pedicle opening and the stages of shell development. On this basis 
Beecher (1891) has divided the class into four orders : the Atremata 9 Neo- 
Iremata, Protremata and Telotrernata . 
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The nature of the pedicle opening being employed for ordinal divisions, 
persistent internal characters of the shell are, as a rule, used for superfamily 
purposes. Such are the presence or absence of a spondylium, brachial supports, 
etc. Family divisions are based upon a combination of external and internal 
generic characters, such as the outer form, nature and position of muscles, 
internal plates, etc. 

No division, however, has any value unless the group contains forms of 
but one phylum, since a phylum or line of descent cannot originate twice. 
However, it happens that the same or nearly the same combination of mature 
characters is developed along different lines (homoeomorphy) ; and when this 
occurs the ontogeny will show it. It is therefore not correct to group different 
stocks under one and the same genus. For instance, the family Terebratellidae 
probably divided during early Mesozoic times, one stock drifting into boreal 
and another into austral regions. These two stocks agree structurally in the 
earliest shelled condition and also at maturity ; but between these two stages 
of development, the austral group (Magellaniinae) passes through a different 
series of loop metamorphoses from the boreal one (Dallininae)., 

It was by the application of the above-mentioned principles that Schuchert, 
in 1893, arranged all the genera of Brachiopoda under the four orders 
instituted by Beecher. Further attention has since been given to this subject 
by the same writer, and the arrangement now offered combines the brilliant 
results obtained by Charles D. Walcott in his studies of the Cambrian forms 
of all lands, and the important work of S. S. Buckman, relating to the 
Brachiopods of Great Britain. 

Order 1. ATREMATA Beecher. 

This order includes primitive inarticulate, corneous or calcareo-phosphatic 
Brachiopoda, with the pedicle usually emerging freely between the two valves. 
Growth takes place mainly around the anterior and lateral margins. 
Delthyrium or pedicle aperture originally unmodified, in later genera modified 
by homoeodeltidia and pseudochilidia, or by thickened, striated and more or 
less furrowed or even cleft vertical cardinal margins, the ventral cleft in most 
specialised forms tending to enclose the pedicle and finally to restrict it to 
the ventral valve ; when completely restricted the genera are referred to the 
order Neotremata. Specialised forms tend to develop rudimentary articula- 
tion or muscle platforms. The three other orders of Brachiopods have 
arisen from the Atremata. 

Superfamily 1. RUSTELLACEA Walcott. * 

Primitive , thick-shelled , corneous or calcareo-phosphatic Atremata , developing mon 
or less of homoeodeltidia and pseudochilidia . Muscle scars and vascular sinuses as a 
rule not well defined in the shell . Out of this stock arose the Obolacea and Kutor 
ginacea . Cambrian and Ordovician. 

Family 1. Rustellidae Walcott. 

Primitive Rustellacea with the pedicle aperture of loth valves small , more or lesi 
open , and not much modified ly homoeodeltidia or pseudochilidia . Muscle scars am 
vascular sinuses not well defined in the shell. Lower Cambrian. 

VOL. I 2 b 
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Pustella Walcott (Fig. 542). The most primitive known Brachiopod. 
Lower Cambrian ; Vermont. 


Family 2. Paterinidae Sehnckert. 


Progressive Rustellacea with the pedicle aperture more or less closed by 
homoeodeltidia and pseudocliilidia. Cambrian. 

Paierina Beecher (Fig. 543). Surface concentrically ornamented. 



Fig. 642. 


Ruktdla edsoni Walcott. Lower Cam- 
brian ; Vermont. .4, Ventral valve show- 
ing pedicle furrow 0 ') A Cardinal 
view showing the open and unmodified 
pedicle opening, i h (after Walcott). 



Fig. 643. 

Pate mitt sujierlxt Walcott. Middle Cambrian ; Vermont. 
A-C, Views of the ventral valve showing the large convex 
homoeodeltidmm. D, Exterior of dorsal valve. 2/ 3 (after 
Walcott). 


Subgenera : Micromitra Meek; and Iphidella Walcott ( Iphidea Billings 1872, non 
Baly 1865). Shell in the former more or less ornamented by crenulated 
concentric lines, while the latter has diagonally intersecting rows of pits. 
Lower and Middle Cambrian ; North America. 

Volborthia von Moller. A globose form of Paierina, with well-developed 
pseudodeltidia. Ordovician ; Esthonia. 

Mickwitzia Schmidt. Very large round forms with more or less ornate 
exteriors. Lower Cambrian; Esthonia, Sweden, America. Causea Wiman 
is regarded by Walcott as probably identical with Mickwitzia . Lower 
Cambrian ; Sweden. 


Superfamily 2. KUTORGrBSTACEA Walcott and Schuchert. 

Progressive, thick-shelled, almost calcareous atrematous-like shells, tending to be 
transverse and developing rudimentary articulation, more or less rudimentary cardinal 
areas , homoeodeltidia and muscle scars prophetic of the Protremata. Derived out of 
Rustellacea. Cambrian. 

Family 1. Schuchertinidae Walcott. 

Primitive round Kutorginacea with small cardinal areas . Externally like Obolus, 
with an open subtriangular delthyrium which apparently is without a homoeodeltidium. 
Muscle scars and vascular markings prophetic of the Billingsellidae of the Protremata. 
Cambrian. 

Schuchertma Walcott (Fig. 544). Middle Cambrian ; Montana. 

Family % Kutorginidae Schuchert. 

Progressive transverse Kutorginacea with rudimentary cardinal areas, great 
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delthijrial opening , rudimentary articulation and immature homoeodeltidia. Muscle 
scars prophetic of the Strophomenacea of the Protremafa. Cambrian. 



Kutoryma cmaulatci Bill. Lower Cambrian ; Vermont. 
St'hueherHnu minima Walcott. Middle Cambrian , A, Interior of ventral valve. U, Side view of conjoined 
near Neihart, Montana. A, Interior of vential valve, valves. C, Intenoi of dorsal valve; 7t, Central scars ; 
B, Interior of dorsal valve (after Walcott). j, Anterior lateral scar ; s, Median septum (after Walcott). 


Kutorgina Billings (Fig. 545). Lower Cambrian; North America and 
Sardinia. 


Superfamily 3. OBOLACEA Schuchert. 

Derived in Bustellacea . Progressive , thick-shelled, calcar eo-phosphatic or corneous 
Atremaia without homoeodeltidia or pseudochilidia. Rounded or linguloid in outline, 
more or less lens-shaped, and fixed by a short pedicle throughout life to extraneous 
objects. Cambrian to Silurian. 

Family 1. Curticiidae Walcott and Schuchert. 

Primitive Obolacea with well-defined pedicle aperture common to both valves. 
Interior characters much as in Obolidae. Middle Cambrian. 

Gurticia Walcott. Middle Cambrian ; Wisconsin and Minnesota. 

Family 2. Obolidae King. 

Derived, progressive Obolacea with thickened, striated, vertical cardinal areas 
traversed by pedicle grooves. Muscles and vascular trunks strongly impressed in the 
valves . Cambrian and Ordovician. 

Subfamily A Obolinae DalL 

Primitive Obolidae with the pedicle grooves more or less shallow or deeply rounded, 
but never tending to form a sheath or to restrict the pedicle opening entirely to the 
ventral valve. The most abundant Brachiopods of the Cambrian, vanishing 
with the Ordovician. 

Obolus Eichwald ( Ungula Pander; Ungidites Bronn ; Euobolus Mickwitz) 
(Fig. 546). More or less rounded Obolids. Widely distributed in Europe 
and America. The following subgenera are recognised by Walcott : Broeggeria 
Walcott, Upper Cambrian, England; Mickwitsella Walcott ( Thysanotus Mickwitz, 
non Alt. 1860), Ordovician, Esthonia; Acritis Volborth (Aulonotreta Kutorga 
1848, errore 1847), Ordovician, Esthonia; Schmidtia Volborth, Ordovician, 
Esthonia; Palaeobolus Matthew, Cambrian, eastern Canada; Pordinia Walcott, 
Middle Cambrian, Utah ; IAngulobolus Matthew (Sphaerobolus Matthew), 
Upper Cambrian, eastern Canada; Wesionia Walcott (has transverse parallel 
ornamentation), Middle Cambrian, Wyoming, Utah and Idaho. 
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Helmersenia Pander. Very small Obolids with a pustulose or spiny 
surface. Lower Ordovician ; Esthonia. 

Lingulella Salter (Eoobolus Matthew) (Fig. 547). More or less elongate 
Obolids. Widely distributed throughout the world. The following are 
subgenera : Leptembolon Mickwitz, and Lingulepis 
Hall (decidedly elongate Obolids). 



Pig. 540. 

Obolus matinnlis Hall. Middle Cambrian ; Minnesota. J, Ex- 
tenor of central valve. 3, Interior of same. C, Interior of 
dorsal valve ; a, Pilbng of pedicle furrow ; c, Area of outside lateral 
scars ; 7i, Central scars ; i, Transmedian lateral scars ; j, Anteiior 
lateral scars; ps, Parietal baud; v, Area of Msceral cavity; r?, 
Vascular smus with outside and inside vascular blanches (after 
Walcott), 


Pig. 547. 

Lingulella acutangulus (Roemer). 
Upper Cambrian ; Texas. A, Interior of 
ventral valve. 3, Interior of dorsal 
valve ; {/, Umbonal scar ; h, Central scar ; 
i, Transmedian lateral scar ; j, Anterior 
lateral scars ; l, Outside lateral Rears ; p. 
Pedicle furrow ; ps, Parietal band ; pvs, 
Vascular branches ; s, Median septum ; 
x, Cordiform cavity; z, Vascular 
branches (after Walcott). 


Delgadella Walcott. Has thickened internal margins. Lower Cambrian 
of Portugal. 

Leptobolus Hall. Very small Lingulellids of the Ordovician of North 
America, in which the interiors are marked by two or three diverging, 
slightly elevated septa, which occasionally are somewhat bifurcated terminally. 

Paterula Barrande ( Gyclus Barrande, non de Koninck 1841). Closely related 
to Leptobolus , but the inner margins of the valves are thickened. Ordovician ; 
Bohemia and North America. 

(?) Spondylobolus M f Coy. Generic characters not well known. Ordovician ; 
Ireland. 


Subfamily B. Neobolinae Walcott and Schuchert. 

Progressive Obolidae with posterior platforms , , to which were probably attached the 
entrap outside and middle lateral muscles . Seems to have arisen in thiclc-shelled 
Middle Cambrian Obolus , and is transitional to the platform-bearing Tnmerellids. 
Middle Cambrian. 

Neobolus Waagen (Lakhmina (Ehlert, and Davidsonella Waagen, non Mun.- 
Chalmas 1880). Middle Cambrian of India. 



Pig. 548. 

Elkania desiderata (Bill). Upper 
Cambrian; Quebec. A, Interior of ven- 
tral valve. B, Interior of dorsal valve ; 
h, Central scars ; i, Transmedian lateral 
scats ; 7 , Anterior lateral scars ; v, Pos- 
terior lateral scars ; p, Platform with 
muscle scars; x, Vascular areas m front 
of platform (after Walcott). 


Subfamily C. Elkaniinae Walcott and Schuchert. 

Divergent Obolidae with posterior or marginal 
platforms , to which were attached the central , outside 
and middle lateral muscles . Not in line of develop- 
ment to Trimerellids. Cambrian. 

Elkania Ford {Billing sia Ford 1886, mn de 
Koninck 1876) (Fig. 548). Cambrian; North 
America. 
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Subfamily D. Biciinae Walcott and Sehuchert. 

Progressive Obolidae with the pedicle restricted to the ventral valve and more or 
less enclosed by a pedicle tube. Articulation rudimentary . Out of this stoclc have 
arisen the Obolellidae of the Neotremata . Cambrian. 

Bicia W&lcotfc. Lower Cambrian of Quebec and New York. Dicellomus 
Hall. Middle Cambrian of North America. 


Family 3. Trimerellidae Davidson and King. 

Large , thick-shelled , inequivalved Obolacea , with the ventral cardinal area usually 
very prominent, triangular and transversely striated. Adjustor and anterior adductor 
muscles elevated upon solid or excavated platfwms. Ordovician and Silurian. 

Dinobolus Hall ( Conradia Hall ; Obolellina Billings). Cardinal area not so 
prominent as in the other genera of this family. Platform small, with abruptly 
conical vaults. Ordovician and Silurian ; North America, Great Britain, 
Bohemia, Gotland and Esthonia. 

Monomerella Billings. Similar to Trimerella , with well-developed platforms 
in both valves ; that of the dorsal valve, however, but slightly excavated. 
Silurian ; North America, Gotland and Livonia. 

Trimerella Billings (Gotlandia Dali) (Fig. 549). Platforms long, narrow, 


a n c D 



Pl<i. 549. 


THuncrella Undstroeim (Dali). Silurian , Gotland, i/s* A, Shell seen from the dorsal side. B, C, Interior 
of dorsal and ventral valves respectively. D, Internal mould. (A and B after Davidson ; G and JD after 
Lindstrdm.) 

well developed and doubly vaulted. Dorsal beak often thickened into a 
prominent apophysis extending against the cardinal slope of the ventral valve. 
Silurian ; North America, Gotland and Faroe. 

Bhinobolus Hall. Silurian , N orth America. 

Superfamily 4. LINGULACEA Waagen. 

Elongate , thin-shelled, corneous, burrowing Atremata, derived out of Obolinae, 
with a more or less long, worm-like, tubular, flexible pedicle. Ordovician to Recent. 


Family X. Lingulidae Gray. 

Attenuate, sub-quadrate or spatulate, almost equivalved Lingulacea , with a more 
or less long , tubular, flexible pedicle. Muscles highly differentiated and consisting of 
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sue pairs, two of adductors, and four of sliders or adjustors. Orcbvician to 
Recent. Maximum development in Ordovician, declining after Devonian time. 


Pseudolingula Mickwitz. Has a ventral pedicle groove and a pair of 
umbonal muscles. Ordovician and Silurian ; Europe and America. 

Lingula Bruguiere (Pharetra Bolton ; Lingularius Dumeril); (subgen. Glossina 

Phill.) (Figs. 550, 551). Shell thin, usually 
compressed, glistening, generally smooth, or 
with fine, concentric, more rarely with both 
concentric and radial striae; broad over the 
pallial region, tapering more or less toward the 
beaks. Ordovician to Recent. Maximum 
development in Silurian and Devonian. 

Glottidia Dali. Like the preceding, but 
interior of ventral valve with two septal ridges 
diverging from the beaks. Dorsal valve with 
a single median ridge. Recent ; American seas, 
j Vignomia Hall. Both valves with median 
septal ridges ; that of the 
dorsal valve stronger, and 
flanked by two submarginal' 
diverging ridges, which cor- 
respond in position to grooves 
in the ventral valve. Middle 
Devonian ; North America. 
Barroisella Hall and Clarke. 
Silurian and Devonian; North 




Fig. 550. 


Lingula nnatina Brug. Recent. .4, Shell 
\nth pedicle. B, Interior of ventral valve. 


Fig. 551. 

Lingula lewisii Sow. 
Silurian; Gotland. 


Lingulids with rudimentary articulation. 

America ; (?) Bohemia. 

Thomasina Hall and Clarke. Lingulids with the posterior margin of the 
ventral valve notched, and with two conspicuous articulating processes. 
Silurian; France. 

Lingulipora^ Girty. Lingulids with a punctate shell. Devonian and 

Lower Carboniferous ; North America. 


Family 2. Lingulasmatidae Winchell and Schuchert. 

Platform-bearing Lingulacea derived through Lingulidae. Ordovician and 
Silurian. 

Lingulops Hall.^ . Small Lingulids with narrow, depressed, not excavated 
platforms. Ordovician and Silurian ; North and South America. 

IAngulasma Ulrich (Lingulelasma Miller). Large thick-shelled Lingulids 
with very prominent, slightly excavated platforms. Ordovician; North 
America ; (?) England. 

Order 2. NBOTRBMATA Beecher. 

Derived and specialised inarticulate Brachiopoda, probably developed 
through Biciinae of the Atremata. Shells as a rule more corneous than 
calcareous, more or less cone-shaped, with the pedicle emerging through a 
perforation or sheath in the ventral valve, or through a triangular more or 
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less open cleft during life, or only so in the youngest shelled stages, after 
which the ventral valve may become cemented to foreign objects. Pedicle in 
geologically younger forms often modified by a listrium. Homoeodeltidia and 
pseudochilidia as a rule not well developed. 


Superfamily 1. SIPHONOTRETACEA Walcott and Schuchert. 

Primitive , thick-shelled , calcareous or corneous , obolid-like Neotremata , with the 
j pedicle passing through a ventral sheath , the aperture of which may remain apical 
and circular in outline and posterior to the protegulum^ or may become elongate 
through resorption by passing anteriorly through the protegulum and umbo of the 
shell. A listrium is not developed. Dorsal protegulum marginal. Cambrian to 
Silurian. 


Family 1 . Obolellidae Walcott and Schuchert. 


Primitive Siphonotretacea with the pedicle emerging through a small circular 
perforation in the apex of the ventral valve posterior to the protegulum. Derived out 
of atrematous Biciinae. Cambrian. 


Obolella Billings (Fig. 552). Small, oval or round, thick shells resembling 
Obolids but with a pedicle tube instead of an open furrow. Lower Cambrian 
of North America and Sweden. The subgenus Glyptias Walcott, has trans- 
verse parallel surface sculpturing. Lower Cambrian ; Sweden. 



Fio. .052. 

Obolella atlantica Walcott. Lower 
Cambrian; Canada. A, Ventral valve 
showing vascular smnses and filling of 
pedicle foramen (/>)■ /*» Side view of 
same. C, Dorsal interior showing the 
striated cardinal ai ea (a) and moulds of 
the lateral scars (<-) (after Walcott). 



Fig. 553. 

A-C, Siplwnotreta, verrucosa, Vem. Middle Ordovician ; 
Esthoma. I>, S. untiuiculuta Eichw., showing the internal 
opening of the pedicle aperture (after Walcott). 


Botsfordia Matthew ( Mobergia Eedlich). Like Obolella but with a highly 
ornate papillose surface. Cambrian; North America. 

Schizopholis Waagen. Middle Cambrian of India. (?) Quebeda Walcott. 
Lower Cambrian of eastern Canada. 


Family 2. Siphonotretidae Kutorga. 


Progressive Siphonotretacea with the circular or elongate pedicle opening at the 
apex or passing by resorpUon anteriorly through the protegulum and umbo of the 
Cambrian. • 


Siphonotreta de Verneuil (Fig. 553). Large and elongate forms in which 
the pedicle sheath is long and well developed, external aperture small and 
circular. External surface with hollow spines, though rarely preserved ; 
shell substance punctured by radiating and branching tubules. Ordovician 
and Silurian ; Europe and (?) North America. 



376 


MOLLUSCOIDEA 


"‘HYLUM V 


ScJiizambon Walcott (ScMzambonia OEhlert). Small spiniferous Siphono- 
tretids with much of the pedicle sheath open as a cleft on the outside. 
Upper Cambrian and Ordovician ; America and Russia. 

Trematobolus Matthew (Protosiphon Matthew). With rudimentary articu- 
lation and lamellose exterior. Lower and Middle Cambrian ; California and 
New Brunswick. 

Yorkia Walcott. The oldest form of the family. Concentrically striated 
exterior. Lower Cambrian of eastern North America. Dearbornia Walcott. 
Middle Cambrian ; Montana. 

Keyserlingia Pander. Thick-shelled form with decided muscular impres- 
sions and median septa in both valves. Lower Ordovician \ Esthonia. 

Superfamily 2, ACROTRETACEA Schuchert. 

Progressive Neotremata with corneous or calcar eo-cor neons shells that are more or 
less circular in outline and from highly conical to depressed in form. The pedicle 
opening is a simple , circular , more or less conspicuous perforation through the apex 
of the ventral valve , and is situated poster ioi to the protegulum. A listnum is not 
developed . A false cardinal amt is often present. Dorsal protegulum marginal. 
Cambrian to Silurian. 


Family 1. Acrotretidae Schuchert. 

Same characters as superfamily . The large and de ± 
subfamily Acrothelinae ,* while the small forms with more or 
are of the Acrotretinae. Cambrian to Silurian. 


forms are of the 
high ventral ■ 


Subfamily A. Acrothelinae Walcott and Schuchert. 
Acrothele Linnarsson (Fig. 554), 



Cambrian ; North America and Europe. 
Subgenus : Bedlicliella Walcott. 
Middle Cambrian ; Sweden. 

Discinolepis Waagen. Middle 
Cambrian ; India. 


Pig. 554. 


Acruihele 


) {jmnuluta (Linnarsson). Middle Cam- 
brian ; Sweden. A, Ventral valve with its minute pedicle foramen. 
li, Dorsal extenor. L',Aciotliele viatthum (Hartt), showing vas- 
cular sinus (is). Middle Cambrian ; New Biunswick (after 
Walcott). 


» ^ ,r B 

Fig. 555. 

A-C, Aerotreta schmaleiu>it Walcott. Middle Cambrian; 
Sweden. A, Three views of the ventral extenor. B, Ventral 
interior with vascular sinus (vs). C, Dorsal interior. D, E, 
Aerotreta subconica Kutorga. Ordovician ; Esthonia. Cardinal 
view and dorsal valve (after Walcott). 


Subfamily B. Acrotretinae 
Matthew. 

A false cardinal area often 


Aerotreta Kutorga (Linnars- 
sonia C. D. Walcott) (Pig. 555). 
Widely distributed throughout 
the Cambrian and rarely in 
the Ordovician of Europe and 
North America. 

Acrothyra Matthew. Ven- 
tral valve often excessively 
high and oblique or elongate in outline. Middle Cambrian ; New Brunswick. 

Oonotreia Walcott. Highly conical shells with the ventral interior marked 
by a number of radiating ridges. Ordovician and Silurian ; North America. 
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Linnarssonella Walcott. Middle Cambrian ; North America. 

Discinopsis Matthew. Has marked ventral vascular sinuses. Middle 
Cambrian ; New Brunswick. 

(1) Mcsotreta Kutorga. Ventral valve spinose. Basal Ordovician; 
Esthonia. 

Superfamily 3. DISCINACEA Waagen. 

Specialised Neotremata with phosphatic shells , a listrium modifying the pedicle 
slit , and loithoat pseudodeltulia and false cardinal areas. Dorsal protegulum 
usually subcentral. Ordovician to Recent. 


Family 1. Trematidae Schu chert 

Primitive Discinacea , in which the posterior margin of the ventral valve has a 
triangular pedicle notch throughout life . A listrium is usually present . Ordovician 
to Coal Measures. 

Trematis Sharpe ( Orbicella d’Orb. 1847, mn Dana 1846). Ventral valve 
unevenly convex, more or less depressed over the posterior region. Pedicle 
fissure large, extending from the apex to the posterior margin. Dorsal valve 
evenly convex, and sometimes with incurved beak; posterior margin much 
thickened, and broadly grooved for the passage of the pedicle. Surface of 
both valves covered with punctures or ‘Small pittings arranged either in 
quincunx or in radiating rows. Ordovician and (?) Silurian ; North America 
and (?) Europe. 

Eunoa Clarke. Very large, depressed, thin shells, with fine concentric 
lines. Pedicle notch very large. Ordovician ; New York. 

Schizocrania Hall and Whitfield. Ventral valve flat or concave, smaller 
than the dorsal, and bearing a deep and very broad triangular pedicle notch, 
which extends from just behind the beak to the posterior margin. Apex of 
notch occupied by a triangular plate or listrium. Surface marked by 
concentric growth lines; no muscular impressions visible on the interior. 
Dorsal valve more or less convex, with beak marginal. External surface 
radially striated. On the interior, a low median ridge extends from the apex 
to beyond the centre of the valve ; posterior adductor muscles strong ; the 
anterior ones faint. Ordovician to Devonian ; North America. 

Lingulodiscina Whitfield ( Oehlertella Hall and Clarke). Much like Schizo- 
crania, but the ventral valve has concentric growth lines, and no radiating 
striae. Ventral pedicle area greatly elevated and transected by a narrow 
open fissure. Devonian to Lower Carboniferous ; North America. 

Schizobolus Ulrich. Devonian; North America. (?) Monobolina Salter. 
May be an Obolid. 

Family 2. Discinida© Gray. 

Derived Discinacea with an open pedicle notch , in early life , in the posterior 
margin of the ventral valve, which is closed posteriorly during neanic growth , leaving 
a more or less long, narrow slit, partially closed by the listrium. Ordovician to 
Recent. 

Orbimloidea d'Orbigny (Fig. 556). Shells inequivalved, sub-circular or 
sub-elliptical in outline. Apices eccentric. Ventral valve deperssed, convex 
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Fig. 550. 

A, Oibiculo idea circc Bill. Ordovician ; Belle- 
ville, Canada. Ventral valve, 1/1 (after Billmgs). 
B, 0 . nitida Phill. Lower Carboniferous ; Mis- 
souri x, Dorsal; y, Ventral valve, !/]• 


or flattened. Dorsal valve larger, usually depressed conical. Pedicle furrow 

originating behind the apex, extending 
over a greater or lesser portion of the 
radius of the valve, and produced at the 
distal end into a short tubular sipho, emerg- 
ing on the interior surface near the posterior 
margin. Surface with fine, crowded or dis- 
tant, rarely lamellose, concentric lines, 
occasionally crossed by radiating lines. 
Ordovician to Cretaceous; North and South 
America, Europe, and probably elsewhere. 

Discina Lamarck. Very much like 
Orbiculoidea , but the pedicle emerges through 
the ventral valve an tero -posteriorly, im- 
mediately beneath the beak, instead of through a sipho postero-anteriorly as 
in that genus. Recent. 

Until recently Discina embraced all fossil Discinoid shells, but at present 
this genus seems to be restricted to a single species, 

D. striata , living off Cape Palmas, West Africa. 

Discinisca Dali (Fig. 557). Like Orbiculoidea , 
but with a small septum, as in Discina , behind 
which is an impressed area, externally concave and 
internally elevated. This is perforated by a longi- 
tudinal fissure, extending from a short distance 
behind the septum nearly to the posterior margin. 

Tertiary to Recent ; North America and Europe. 

Pelagodiscus Dali. Like Discinisca , but the brachia are without spirals. 
Recent ; deep oceans. 

Schizotreta Kutorga. Ordovician and Silurian ; Russia and North America. 

Lindstroemella and JRoemerella Hall and' Clarke, are genera related to Orbi- 
culoidea. Devonian ; North America. 



Fig. 557. 

Disci 1 ) i isca lamellosa (Brod.). Recent ; 
Peru. A, Side-view. B, Interior oi 
vential valve. C, Exterior of same. 


Superfamily 4. CRANIACEA Waagen. 

Specialised , cemented calcareous Neotremata without pedicle or anal openings at 
maturity . Pedicle functional probably only during nepionic growth. Ordovician 
to Recent. 


Family 1 . Craniida© King. 

Crania Retzius. Shell inequivalve, sub-circular in outline. The interior 
of both valves shows two pairs of large adductor scars, the posterior 
of which are widely separated and often strongly elevated on a central 
callosity. Impressions of the pallial genital canals coarsely digitate. Ordo- 
vician to Recent ; maximum development in Ordovician and Cretaceous. 

Pseudometoptoma von Huene. Very large thick-shelled forms with high 
dorsal valves. Ordovician ; Esthonia. 

Philhedra Koken. Ordovician ; Europe and America. 

Petrocrania Raymond ( Craniella CEhlert 1888, non Schmidt 1870). Large 
Craniids with S-shaped vascular impressions. (?) Ordovician and Devonian ; 
North America and Europe. 
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Eleutherocrania von Huene. Biconvex Craniids related to Petrocrania. 
Ordovician; Esthonia. 



Fig 558. 

Cmnistms velat u s (Quenst.), 
Upper Jura, Oerimger 
Thai, Wurtemberg Interior 
of ventral valve, J/i (after 
Quenstedt). 


An c 



Fig. 559. 


Anditrorrania pansicnsis (Defr.) Upper Cretaceons; France. 
A, Prolile of dorsal \alve. J5, Interior of same. C, Interior of \en- 
tral valve, i/i* 


Cmniscns Dali (Fig. 558). Ventral interior divided by septa into three 
cavities. J urassic ; Europe. 

Ancistrocrania Dali (Fig. 559). Dorsal valve with two muscular fulcra. 


a n c D 



Fig. 560. 

Isucrania ignabcrgcnsis (Retzius). Uppermost Cretaceous ; Ignaberga, Scania. A, Profile and dorsal aspect 
of shell, Vi- £, C, Interior of ventral valve. D, Interior of dorsal valve, enlarged. 

Cretaceous; Europe. Isocrania Jaekel (Fig. 560). Exterior plicate. 
Cretaceous ; Europe. 

Pholidops Hall ( Craniops Hall). Biconvex and but slightly attached 
Craniids. Ordovician to Carboniferous ; North America, England, Gotland. 

Pseuclocrania M‘Coy ( Palaeocrania Quenstedt). Radially striated shells 
much like Pholidops. Ordovician ; Europe. 

Oardinocrania Waagen. Permian of India. 


Order 3. PROTREMATA Beecher. 

Specialised (through atrematous Kutorginacea), articulate, calcareous 
Brachiopoda, with well-developed cardinal areas. Exterior surface nearly 
always either plicate, striate or spinous, and but rarely smooth. Pedicle 
aperture restricted to the ventral valve throughout life and more or less 
closed by a deltidium ; in some forms the pedicle is functional only in early 
life and later the animals cement the ventral valve to foreign bodies. Chilidium, 
spondylium and cruralium often present. Brachia unsupported by a calcareous 
skeleton other than short crura. 


Superfamily 1. ORTH ACE A Walcott and Schuchert. 

Progressive Proiremata. The older genera have immature spondylia that are 
rarely freely suspended but are commonly cemented directly to the valves ( - pseudo - 
spondylia). In the great majority of the later genera all traces of spondylia are lost. 
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In early forms the pedicle aperture is usually covered by deltidia and chilidia , but in most 
later forms these plates are lost. Pedicle always functioned and in the great majority 
of forms emerges freely out of the delthyrium . Cardinal process more or less well 
developed except in the most primitive genera . A prolific stock of Brachiopods . 
Throughout Paleozoic. 

Family 1 . Billingsellidae Schuchert. 

Primitive Orihacea with a more or less closed, or an open delthyrium . A 
cardinal process arises in this family and is therefore either absent, rudimentary or 
well developed. A spondylium is usually developed and to its upper surface are 
attached the muscles of the ventral valve. Cruralia rudimentary . Shell structure 
dense, granular, lamellar , rarely fibrous, apparently irregularly punctate in some 
forms. Cambrian. 

Subfamily A. Nisusiinae Walcott and Schuchert. 

Primitive Billingsellidae with more or less well- developed deltidia and with or 
without rudimentary chilidia. Spondylia and cruralia rudimentary or small, not 
supported by septa. Cardinal process generally absent, but rudimentary when present 

Nisusia Walcott, and subgenus Jamesella Walcott. Distinctly plicate 
Billingsellidae without cardinal process. Deltidium well developed with an 
apical pedicle foramen. The genus has a spiniferous exterior while the sub- 
genus is devoid of spines. Lower and Middle Cambrian of America and 
Europe. 

Protorthis Hall and Clarke. Has a spondylium, but the deltidium is widely 
open for the protrusion of the pedicle. Shell substance apparently punctate. 
Middle and Upper Cambrian of America and Sweden. The subgenus Loperia 
Walcott, differs in having the ventral umbo high and convex while the rest 
of the shell is concave. Middle Cambrian ; Cape Breton, Nova Scotia. 


Subfamily B. Billingsellinae Walcott and Schuchert. 


Primitive Billingsellidae very much like the Nisusiinae, but without true spondylia 
(i.e. pseudospondylia are often present) and cruralia. There is a more or less well- 
developed simple cardinal process except in Lower Cambrian forms. 


Billing sella Hall and Clarke (Fig. 561). 



Fig. 561. 

BiUingsella cdoradoensis (Shumard). Middle Cambrian ; 
Texas. A, Ventral exterior. B, Ventral interior. C , Dorsal 
intenor, c, Crural bases ; d, Deltidium ; j, Cardinal pro- 
cess ; t, Teeth. ; vs, Vascular sinuses (after Walcott). 

eared forms without deltidia and with 
Upper Cambrian ; North America. 


Shells essentially orthoid, plicate, 
biconvex or planoconvex, and prob- 
ably punctate. Deltidia well de- 
veloped, but chilidia only partially 
so; the pedicle may emerge be- 
tween these plates or pass apically 
through the deltidium. Common 
and widely distributed throughout 
the Cambrian of America, Europe 
and China ; the genus dies out in 
the Lower Ordovician. The sub- 
genus Otusia Walcott, has small 
i. well- developed cardinal process. 
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JVimanella Walcott. Like Billingsdla but more primitive in that the 
exterior is smooth. Lower Cambrian ; North America. JFynnia Walcott. 
Middle Cambrian ; India. 

Subfamily C. Eoorthinae Walcott. 

Derived Billingsellidae in which the delthyria are nearly always widely open as 
in Orthids ; deltidia and chilidia sometimes retained throughout life , but more often 
only in the younger growth stages . Spondylia absent. Cardinal process well 
developed . Differ from the Orthidae mainly in that the shell structure is dense , 
granular , and with irregularly punctate lamellae. 

Eoorthis Walcott. Yery much like Pledorthis, but the shell is thinner 
and its structure not fibrous. Middle Cambrian and Lower Ordovician, but 
essentially of Upper Cambrian time • North America, China, Argentina and 
north Europe. Subgenus Orusia Walcott, typified by Orthis lenticularis 
Wahlenberg. Upper Cambrian of north-western Europe and New Brunswick. 
Subgenus Finhelnburgia Walcott, has thick shells with strongly-marked ventral 
vascular trunks. Upper Cambrian ; North America. 

Family 2. Orthidae Woodward. 

Progressive , divergent and terminal Orthacea , derived out of the Eoorthinae, 
nearly always with large open delthyria. Cardinal process well developed . Shell 
structure fibrous , impunctate or punctate. Ventral muscle area small , obovate or 
obcordate ; adductors extending to anterior margin of area. Ordovician to Permian. 


Subfamily A Orthinae Waagen (emend.). 

Orthidae with the shell impunctate. 

Orthis Dalman (s. str.) ( Orthambonites Pander). Typified by 0 . calladis 
Dalman, or 0. tricenaria Conrad. Shells plano-convex ; costae strong, few, 
generally sharp and but rarely bifurcating. Cardinal process a thin vertical 
plate. There may be a flat apical deltidium. Plications often with large 
oblique tubules penetrating the external layers. Ordovician and Silurian; 
Europe, North America, etc. 

Pledorthis Hall and Clarke. Valves subequally convex. Ventral cardinal 
area low. Plications strong, simple or duplicate. Ordovician and Silurian; 
NorthAmericaandEurope. A B 

The following are Ordo- 
vician subgenera : Austin- 
ella , Eridorthis , and Encu- 
clodema Foerste ( Cyclocoelia 
Foerste, non Duj.). 

Platystrophia King (Fig. 

562). Contour spiriferoid ; 
hinge-line long with dorsal 
and ventral cardinal areas 
equally developed. Strong, sharp plications with the exterior surface finely 
granulose. Ordovician and Silurian ; Europe and America. 

Hebeiiella Hall and Clarke. Shells with convexity of valves reversed. 



Fig. 562 . 

Platystrophia lynx (Eichw.). Ordovician ; Cincinnati, Ohio. Vi* 
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Exterior finely plicate, crossed by lamellose growth lines. Ventral muscular 
area short, obcordate. Cardinal process well developed, often crenulate. 
Ordovician ; America and Europe. 

Orthostrophia Hall. Exterior like Eebertella. Muscular area of both 
valves short, deeply excavate, with the vascular and ovarian markings 
conspicuous. Silurian and Lower Devonian ; North America. Subgenus : 

# Schizoramma Foerste (Schizonema Foerste, non Agardh.). 

Silurian ; North America. 

I mm Subfamily B. Daxmanellinae, novum. 

Orthidae with the shell abundantly punctate. 

FlG * 563 * Dalmanella Hall and Clarke (Fig. 563). Widely 

Silurian; Gotland, i/v distributed m the Ordovician and Silurian, but persist- 
ing to the end of the Devonian. 

Thiemella Williams. Upper Devonian ; North America. 


Family 3. Rhipido mellidae, novum. 

Progressive , divergent and terminal Orthacea with the external characters of the 
Orthidae . Shell structure fibrous , impunctate or punctate. Ventral muscular area 
large , bilobed or elliptical; adductors relatively small , and more or less completely 
enclosed anteriorly by the flabellate diductors. Ordovician to Upper Carboniferous. 

Subfamily A Plaesiomiinae, novum. 

Rhipidomellidae with the shell impunctate . 

Plaesiomys Hall and Clarke. Relative convexity of valves reversed. 
Surface finely plicate and sometimes tubulose. Cardinal process thickened 
and crenulate. Ventral muscular scars large and often bilobed. Ordovician ; 
America and Europe. Subgenus : Dinorthis Hall and Clarke. Surface strongly 
plicate; there may be a small deltidium. Ordovician; North America. 
Subgenus: Valcourea Raymond. Near Plaesiomys but strophomenoid in external 
expression. Lower Ordovician ; North America. 

Pionodema Foerste (Bathycoelia Foerste, non Am. Serv.). Biconvex Orthids, 
finely striate, some of them tubulose. Resemble small Schizophoria but are 
impunctate. Lower Ordovician ; North America. 

Subfamily B. Rhipidomellinae, novum. 

Rhipidomellidae with the shell abundantly punctate and finely striate. 

Eeterorthis Hall and Clarke. Contour strophomenoid with the ventral 
diductor scars very large. Ordovician ; North America A 

Rhipidomella (Ehlert ( Rhipidomys (Ehlert, non aimk 

Wagner). Biconvex, sub-circular shells with short ^ 
hinge-lines. Striae generally hollow and open on the is 
surface into (?) short tubular spines. Late Ordovician ^ Fl0 564 
into Pennsylvanian ; widely distributed throughout the mmtes (Linn.), siin- 

rian; Gotland. J, Shell, i/i- 

WIUJ.U. - ' B, Interior of dorsal valve, ‘*Yj. 
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Bilobites Linn, (Dicoelosia King) (Fig. 564). Silurian and Lower Devonian ; 
Europe and North America. 

Schizophoria King (Fig. 565). Relative convexity of valves reversed. 
Large, very finely striate, with the striae hollow and spinose. Cardinal 



Fiti. 5*S5. 

A-C, St'lnzojihiifla Anatulu, (Schloth.). Devonian; Gerolstem, Eifel A, Doisal aspect, li, Intenor of 
dorsal valve C, Interior of ventral valve D , 8. vulvarui (Scliloth.). Spiriferensandstem (Late Lower 
Devonian) , Niederlahnstein, Nassau. Internal mould. (All figures of the natural size.) 

process in mature shells with accessory ridges making it multilobate. Dorsal 
interior marked by 4 to 6 deep pallial sinuses. Silurian to Coal Measures ; 
widely distributed throughout the world. Subgenus: OrthoHchici Hall and 
Clarke. Like Schizophoria externally, but in the ventral valve the dental 
lamellae and a median septum are highly developed. Coal Measures ; Brazil 
and India. 

Subfamily C. Enteletinae AYaagem 

Bhipiddmellidae with decidedly convex valves and a few broad plications super- 
added to the very fine radial striae. Developed out of Orthotichia. 

Bnteletes Fischer (Syntrielasma Meek and Worthen). Dorsal valve more 
convex than ventral. Hinge-line short with a high ventral cardinal area. In 
the ventral valve the dental lamellae are ^igh and convergent, and between 
them is a marked median septum ; tW^crural septa of the dorsal valve are 
also well developed. Coal Measures and Permian ; North and South America, 
Europe and Asia. 

Enteletoides Stuckenberg. Upper Carboniferous ; Russia. 


Superfamily 2. STROPHOMENACEA Schuchert, 

Progressive , terminal Protremata , derived out of OHhacea (. Billingsellidae ), with- 
out spondylia and cruralia . Deltidia and chilidia nearly always present throughout 
life ; cardinal process always well developed . Pedicle nearly always small , emerging 
through the apex of the valve , or lost when the shells cement to foreign objects or anchor 
by means of ventral spines. A prolific stock of Brachiopods. Ordovician to Recent. 


Family 1. Strophomenidae King. 

Primitive Strophomenacea with well -developed deltidia and chilidia. Shells 
usually flat or concavo-convex and but rarely biconvex . Pedicle usually functional 
but tending to be thin and weak , and often lost when the shells cement to foreign 
objects or are otherwise held to the substratum {usually by spines). Ordovician to 
Permian. 
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Subfamily A. Rafinesquininae Schuchert. 

Strophomenicls that as a rule throughout life have the ventral valve convex and 
the dorsal concave . The relative form of the valves is the reverse of that in the 
Orthotetinae . 



Eostrophomena Walcott. Primitive, small forms with the cardinal process 
filling most of the dorsal delthyrium. Teeth inconspicuous, with the muscular 
scars almost absent. Surface finely striate with alternating bundles of fine 
lines between single coarser ones. Basal Ordovician ; Sweden and North 
America. 

Leptella Hall and Clarke. Primitive Plectambonites. Upper Cambrian 

and Lower Ordovician ; North America 
and England. 

Plectella Lamansky. Intermediate 
between Leptella and Plectambonites . 
Ordovician; Esthonia. 

(?) Lamanshja Moberg and Seger- 
berg. Ordovician ; Sweden. 

Plectambonites Pander {Leptaena 
Davidson and auct.) (Fig. 566). Ordo- 
vician and Silurian ; North America 
and Europe. 

Leptaena Dalman (. Leptagonia M‘Coy) 
(Fig. 567). Shells having the characters 
of Rafinesquina , but the flatter portions of the valves with corrugations and 
wrinkles. Where these cease, A n n 

the shells are more or less 
abruptly and often rect- 
angularly deflected. Ordovi- 
cian to Lower Carboniferous. 

Rafinesquina Hall and 
Clarke (Fig. 568). Shells 
normally concavo - convex 
dorso-ventrally. Striae al- 
ternating in size, and crossed 
by finer concentric growth 


Pig. 566. 

Plectambonites tiunsversalis (Dalm.). Silurian ; 
Gotland. A, Dorsal aspect, 1 / 1 - A Interior of dorsal 
valve, 3/i* 0, Ventral valve, J/i. A, Adductors ; R, 
Divancators. 



Fig. 567. 


Leptaena rfiomboidalis ( 

Dorsal aspect and profile. 


Silurian ; Gotland. A, B, 
Interior of dorsal valve. 



Fig. 508. 

A, Rafinesquina alternata (Conrad). Ordovician; Cincinnati, Ohio. l/i. B, It. expansa (Sowerby). 
Interior of ventral valve, showing muscular and vascular impressions. 
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lines. Muscular area of ventral -valve consisting of two broad flabellate 
diductor scars enclosing an elongate adductor. In the dorsal valve, the 
bilobed cardinal process is low ; the posterior arborescent adductor scars well 
defined. Vascular and ovarian markings often well indicated. Ordovician 
and basal Silurian ; North America and Europe. 

Stropheodonta Hall. Shells very much like Bafinesquina , but with the 
cardinal margins finely denticulate and the deltidium flat or not discernible. 
Silurian and Devonian ; North America and Europe. 

Leptostrophia Hall and Clarke ; Douvillina QEhlert ; and Bmchyprion Shaler 
are subgenera of Stropheodonta. Silurian and Devonian. 

Pholidostropliia Hall and Clarke. Smooth or squamose, nacreous small 
Stropheodontas. Devonian; North America and Europe. 

Stropho?iella Hall ( Amphistrophia Hall and Clarke). Resupinate Stropheo- 
dontas. Silurian and Devonian ; North America and Europe. 

Gaspesia Clarke. Aberrant Strophomenid recalling coarsely plicate Orthids. 
May, however, be a Pelecypod. Lower Devonian ; Gaspe, Canada. 


Subfamily B. Tropidoleptinae Schuchert. 

Aberrant Strophomenidae with two very long slender crura that unite with a high 
vertical dorsal septum. The family is sometimes regarded as better placed among the 
Terebratellids of the Terebratulacea. 

Tropidoleptus Hall. Plano-convex, plicated shells with a long, straight and 
narrow cardinal area. Teeth and dental sockets corrugated on their outer 
surfaces. Devonian ; America, Europe and South Africa. 


Subfamily 0. Davidsoniinae King. 

Small specialised Strophomenicls , derived out of Bafinesquininae and devoid of a 
cemented by the ventral valve to foreign objects. 


Christiania Hall and Clarke. Differs from Leptaenisca. in having prominent 
longitudinal ridges instead of spiral markings on the dorsal interior. Ordo- 
vician ; North America, England and Russia. 

Leptaenisca Beecher. Ventrally cemented shells having 
some of the characters of Pledambonites . Markings of 
the fleshy arms are retained on the dorsal shell. Silurian 
and Lower Devonian ; North America. 

Davidsonia Bouchard (Fig. 569). Thick LeptaeniscaAike Fif} 50f| 

shells, with spiral markings of the fleshy arms strongly 
impressed on both valves. Devonian: England, Belgium wmarieKon. Devonian; 

5 -n ° ° Eifel. Ventral 'lalve with 

and XvUSSia. spiral mai kings, 2/i* 



Subfamily D. Orthotetinae Waagen. 

Strophomenids with the ventral valve convex during early growth , becoming sub- 
sequently concave , or the reverse of the order in the Bafinesquininae. In the later 
forms both valves tend to be convex. 

(T) Orthidium Hall and Clarke. Basal Ordovician ; North America. 
vol. I 2 c 
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Strophomena Blainville. Shells like Bafinesquina , but with the relative con- 
ity of valves reversed, and the ventral muscular area sharply limited by 

an elevated margin. Ordovician ; America 
and Europe. 

Schuchertella Girty (Fig. 570). Much like 
Strophomena . Shell plano-convex, concavo- 
convex or biconvex. Surface covered with 
radiating striae, which are convoluted by 
sharp concentric lines. Cardinal area of 
ventral valve prominently developed and not 
attached by cementation ; dorsal area narrow. 
Dental plates rudimentary. Cardinal process 
united to crural plates, the whole forming 
a vertical subcrescentic process. Muscular 
impressions flabelliform. Silurian to Upper 
Carboniferous ; North and South America, 
Europe and India. 

Eipparionyx Vanuxem. Like Schuchertella, but with the muscular areas 
much larger and no dorsal cardinal area. Lower Devonian ; North America. 
Schelhoienella Thomas (Orthothetes Waagen, non Orthotetes Fischer) (Fig. 571). 

A B 



Near Schuchertella, but with short diverging dental plates and the cardinal area 
either rudimentary or absent. Lower Carboniferous ; Europe. 

Kayserella Hall and Clarke. Small Schuchertella-like shells, with a very 
high dorsal median septum. Devonian ; Germany. 

Orthotetes Fischer. Like Schuchertella, but in the ventral valve there is a 
small triangular umbonal chamber formed by the uniting of the dental plates, 
in front of which is a well-developed median septum. Yentral cardinal area 
usually attached by cementation. Upper Carboniferous and Permian; North 
and South America, Europe, India and Russia. 

Beriya Waagen. Like Orthotetes, but without the umbonal chamber. 
Lower and Upper Carboniferous; North and South America, Europe and 
India. 

Omhonia Caneva. Related to Orthotetes as Geyerella is to Meekella . Permian ; 
Italy. 



Fig. 570. 

SchucherteUa umbraculuiti (Schloth.). 
Devonian ; Gerolstem, Eifel. Natural size. 
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Scacchinella Gemmellaro. N ear to Derhya, but with excessively high 
ventral cardinal areas. V entral beak cemented ? Shells resemble Tdchtho - 
fenia, but have originated in some Orthotetinae and not in the Productinae. 
Permian ; Sicily and Austria. 

Arctitreta Whitfield. Imperfectly known, but seemingly a member of the 
Orthotetinae. Upper Carboniferous ; Arctic America. 

Streptorhynchus King. Very much like Schuchertella. Ventral area high, 
short, twisted and probably cemented. Carboniferous and Permian ; America, 
Europe and India. 

Meekella White and St. John. Very biconvex shells, with the teeth of the 
ventral valve supported by very long dental plates which are nearly parallel 
and reach to the bottom of the umbonal cavity ; no median septum. Surface 
of valves with coarse costae and fine, radiating, often plumose striae. Upper 
Carboniferous ; North America, Russia, India and China. Subgenus : Ortho- 
thetina Schellwien. Like Meekella , but without costae. Late Upper Carboni- 
ferous and Permian ; Europe. 

Geyerella Schellwien. Near to Meekella , but with very high ventral areas ; 
very long dental septa converging and uniting in a median septum. Ventral 
beak cemented. Upper Carboniferous and Permian ; Europe. 


Subfamily E. Tripleciinae, novum. 

Biconvex Strophomenids with marked fold and sinus. 

Triplecia Hall ( Dicraniscus Hall). Trilobate, unequally biconvex, short- 
hinged shells. Cardinal process long, erect and bifurcate. Surface smooth. 
Ordovician and Silurian; North America, England and Bohemia. 

Cliftonia Eoerste. Striated Triplecia. Ordovician and Silurian of America 
and Europe. 

Mimidus Barrande. Like Triplecia , but with the median fold on the 
ventral valve. No external evidence of a deltidium. Silurian ; Bohemia and 
North America. 

Streptis Davidson. Like Triplecia , but biconvex and bilaterally unsym- 
metrical. Exterior with lamellar concentric shell expansions. Silurian; 
Europe and North America. 

Family 2. Thecidiidae Gray. 

Cemented Strophomenacea , in which the interior of the shell is impressed with 
variously indented brachial furrows. Carboniferous to Recent. 

This family was formerly associated with the Terebratulidae. Beecher has shown, 
however, that brachial supports are wanting, and that a true deltidium is present. 


Subfamily A Leptodinae, novum. 

Thecidiidae with the brachial markings common to both valves . 

Keyserlingina Tscherny. An early form of Leptodus, with few brachial 
ridges. Upper Carboniferous ; European Russia and Austria. 

Leptodus Kayser (Lyttonia Waagen ; Waagenopora Noetling). Very large, 
highly inequivalved, irregular shells, frequently with broad lateral expansions. 
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Numerous, laterally directed, brachial ridges in the ventral valve, with corre- 



Oldlianua decipiens Waa&en. Productus Limestone ; Salt 
Range, East India. A, L, Intenor of \ential and dorsal 
vah es, respectively (after Waa&en) 


sponding divergent grooves in 
the median region of the dorsal 
valve. Permian; China and India. 

Oldhamicb Waagen (Fig. 572). 
Differs from Lejptodics in that the 
ventral valve is sub-hemispherical 
with the incurved apex covered 
by a callosity, as in Bellerophon. 
Permian ; India and China. 

Loczyella Freeh. Said to be 
like Lejotodus , but without the 
brachial ridges. May not be a 
Brachiopod. Upper Carboni- 
ferous ; Nanking, China. 


Subfamily B. Thecidiinae Dali. 

Theddiidae with the brachial markings restricted to the dorsal valves. 

* 

Theddea Defrance ( Thecidkm Sowerby) (Fig. 573). Dorsal ^brachial im- 
pressions with three pairs of symmetrical lobes, radially directed. Cretaceous. 

Thedclea and the following genera of the subfamily Thecidiinae comprise for the 
most part small, sometimes extremely minute forms, represented from the Trias to 
the present day ; the climax of diversity occurred in the Cretaceous. 


Lacazella Munier-Chalmas (Figs. 574, 575). Dorsal brachial impressions 



Thecidea papillata Schloth. Upper 
Cretaceous ; Ciply, Belgium. A , B, In- 
tenor of ventral and dorsal valves, re- 
spectively, 2 /i (after Woodward). 


Fig. 574 

Lacazella, vermicular is. 
(Schloth.). Upper Cretaceous ; 
Maastricht Dorsal valve, 2 /i 
(after Suess). 


Fig. 575 . 

Lacazella mediter- 
ranea (Risso). Re- 
cent. Interior of 
dorsal valve showing 
brachia, 3 /i (after 
Woodward). 


with two or three unequal pairs of lobes, medially directed. Jurassic to 
Kecent; Europe. 

Thecidiopsis Munier-Chalmas (Fig. 576). The two large, dorsal, brachial 


impressions each have four pairs of lobes 
laterally and medially directed. Creta- 
ceous ; Europe. 

Thecidella Munier-Chalmas. Dorsal 
brachial impressions simple, anteriorly 
directed. Jurassic; Europe. 

Eudesella Munier-Chalmas. Trans- 
verse shells in which the dorsal brachial 


A B C 



Fig. 576. 

Tliecidiopsis diqitata (Qoldt). Greensand; Essen 
on the Rhine. A, Dorsal aspect. B, C Interior 
of ventral and dorsal valves, respectively, Vi- 


impressions have three pairs of simple lobes antero-laterally directed. Jurassic; 
Europe. 
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*: > Pterophloios Giimbel (Badrynium Emmrich) (Fig. 577). Dorsal brachial 
impressions with about ten laterally directed lobations. Alpine Rhaetic. 

Davidsonella Munier-Chalmas. Elongate shells with 
the long, narrow, dorsal, brachial impressions simple 
and antero-laterally directed. J urassic ; Europe. 

(?) Cadomella Munier-Chalmas. Lias ; Europe. 



Family 3. Productidae Gray. 

Strophomenacea with hollow anchoring spines. 
Ordovician to Permian. 


Fir. 577 . 

T Pternphluws cm ai field Gum* 

.Late bel. Rhaetic ; Kossen, Tyrol 
Interior of dorsal valve, tyi 


Subfamily A. Chonetinae Waagen. 

Produdids with the few anchoring spines restricted to the mitral cardinal margin . 

Chonetes Fischer (Fig. 578). Shell transversely elongate, semicircular in 
outline, typically concavo-convex, sometimes plano-convex. Upper margin of 
cardinal area in ventral valve bearing a single row of hollow spines ; these are 
prolongations of tubes which penetrate obliquely the substance of the shell 
along the hinge-line. Teeth strong. Cardinal process of dorsal valve divided 
by a narrow median and two broader lateral grooves. Brachial impressions 
more or less distinct. External surface usually covered with radiating striae, 
rarely smooth or concentrically rugose. Late Ordovician to Permian. Sub- 
genus : j Eodevonaria Breger. Chonetids with denticulate hinge-lines. Lower 
Devonian ; America and Europe. 

Anoplia Hall and Clarke. Smooth or squamose shells like Chonetes , sup- 
posed to be without cardinal spines. Lower Devonian ; North America. 

Chonostrophia Hall and Clarke. Like Chonetes , but with the shell reversed 
or concavo-convex. Lower and Middle Devonian ; North and South America. 

Chonetella Waagen. Upper 
Carboniferous ; India. Chonetina 
Krotow. Permian ; Russia. 

(?) Baviesiella Waagen. Shell 
productoid, but without spines 
and well-developed cardinal area 
and teeth. Upper Carboniferous : 
England. 

(?) Aulacorhynchus Dittmar (Iso- 
gramma Meek and Worthen). Very 
large, transverse, thin shells with a 
ventral platform. Exterior surface 
Fir. 578 . with numerous, regular, continuous, 

A, Chonetes Unatdhis (Dalm.). Silurian ; Gotland, i/j. concentric ridges. Upper Car- 
£, Interior of dorsal valve (alter Davidson). C, C. sar- 'knnvforniin , T7n rnrvp TSTrvH-'h 

cinulatus de Kon. Devonian; Coblenz. Vi- DOmierOUS , itUTOpe ana lNOrtn 

America. 

Subfamily B. Productinae Waagen. 

Produdids with the anchoring spines more or less abundant over the entire ventral 
and sometimes also over the dorsal valve. 

Produdella Hall. Shells small, productoid, with narrow cardinal areas in 
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both valves. Ventral valve with small teeth ; dorsal valve with sockets md 
crural plates. Brachial impressions distinct. Devonian ; America and Europe. 

Produdus Sower by ( Pyxis Chemnitz; ArbuscuUtes Murray; Protonia Linck:; 
Produda Sow.) (Figs. 579, 580). Shell without functional pedicle, anchored 



G pr 



A, Productus semireticulatus (Martin). Lower Carboniferous ; Vise, Belgium, tyi* B, P. 'giganteus (Martin). 
Same "horizon ; England. Interior of dorsal valve (alter Woodward). C, D, P. horndus Sow. Permian ; Prussia 
and England, l/i* 0, Interior of dorsaL valve D, Internal mould of ventral valve. A, Adductors ; 12, Diductors ; 
pr, Cardinal process ; Jt, Hinge-line ; v, Brachial impressions. 


by the ventral spines ; concavo-convex, valves usually produced anteriorly ; 
outlines semicircular, sometimes transversely elongate. External surface 
spinose, usually with more or less prominent radiating 
ribs, which are crossed by concentric lines or wrinkles ; 
rarely smooth or finely striated. Cardinal areas, teeth, 
sockets and crural plates absent or rudimentary. 
Ventral valve convex, sometimes geniculated; often 
fig. 580 . with median sinus. Muscular impressions consisting of 

Productusiion'idusSovjQTby. two dendritic adductors and a pair of broadly flabel- 
ermmn , era, Germany. ty* str i ate doctors. Cardinal process strong, curved 

or erect, extending far above the hinge-line. Brachial ridges well defined ; 
traces of spiral or brachial cavities occasionally present in the pallial region. 
Extraordinarily abundant in Carboniferous and Permian. Distribution 
general. 

P. gigcmteus is the largest Brachiopod known, sometimes attaining a width of nearly 
one foot. 

Subgenera: Diaphragmus Girty. Productus with an internal plate in dorsal valve. 
Upper Carboniferous ; North America. Marginifera Waagau. Has thickened internal 
submargiual ridges. Upper Carboniferous ; North America, Imlia. 

Tschernyschema Stoyanow. Typified by Produdus humboldti d’Orb. Upper 
Carboniferous ; India, Bussia. 
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Proboscidella CEhlerl. Valves very unequal ; dorsal valve small, concave, 
operculiform ; ventral valve larger, convex, furnished with two lateral expan- 
sions which bend downward to meet the margins of the dorsal valve, and an 
anterior expansion, which is produced forward into one, or occasionally two, 
long cylindrical tubes. Carboniferous ; Europe and North America. 



\ 





Subfamily C. Strophalosiinae, novum. 

Prodnctids anchored to foreign objects by the spines or by most of the ventral shell. 

Chonopectus Hall and Clarke. Choneies- like shells, hut cemented ventrally 
to extraneous objects. External surface reticulated by a double, oblique 
series of concentric lines and fine radiating striae. Lower Carboniferous ; 
North America. 

Htrophalosia King ( Orthothrix Geinitz ; Leptaenalosia King) (Eig. 581). 
Shell productoid in general 
form, cementod by the ven- 
tral umbo. Both valves 
with well-defined area, del- 
tidium and chilidium. Ven- 
tral valve with two pro- 
minent teeth unsupported 
by dental plates. Muscular 
impressions small ; brachial 
ridges distinct. Surface of 
ventral valve covered with 
spines; that of the dorsal 
valve either spinous, lamcllose or smooth. 

Europe, India, North and South America. 

Stnlosleyes Ilelmorsen. Much like Strophalosia, but not cemented by the' 
ventral umbo ; doltidium covered with small spinules and the surface of both 
valves thickly sot with spines. Permian ; Russia and India. 

Etheridgina (Ehlort. Shell very small, nearly as broad as long, and 
attached to foreign bodies, notably crinoid stems, by the spines of the ventral 
valve. Dorsal valve with a small beak; surface 'ornamented 
by concentric flexuous plications bearing a few scattered 
spines. Carboniferous ; Scotland. 


Family 4 Richthofenii&ae Waagen. f 

Strophomenacea developed out of the Produdidae , and 
remarkably modified by ventral cementation. The form is that 
of CAjaihophyllokl corals with an operculiform dorsal valve. 
Shell structure cystose. Upper Carboniferous and Permian. 

Tegnlifera Schellwien. A youthful expression of th€ 
highly modified llichthofenia , in which the productoic 
characters are still recognisable. Upper Carboniferous 


F J<i. 581. 

Stro/ilialoitia (juldfunm (Miinat). Permian; Gera, Germany. A , 
Dorsal aspect. It, Profile. (', Interior of dorsal valve with brachial 
impressions. Natural size. 


Middle Devonian to Permian ; 



Fi«. 582 . 

IlkhUmfmUt, Immmvi - 
ma Waagen. Permo-Car- 


(i wi wanton. 1'wmo-uiu- . , 

bonlferous; Salt Range. AllStlia 


Vertical section of ven- 
tral valve (after Waagen). 


llichthofenia Kayser (Fig. 582). These most remarkably 
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modified Brachiopods are found in the Permian of China, India, Sicily and 
Texas. 

Gemmellaroia Cossman (Megarhynchus Gem., non Lap.). Permian ; Sicily. 


Superfamily 3. PENTAMERACEA Schuchert. 

Specialised Protremata developed out of Nisusiinae among the Orthacea , with well- 
developed , supported or free spondylia , and, as a rule , cruralia. Deltidia and chilidia 
present in the more primitive forms and generally absent in the last developed families . 
The least prolific stoch of the Protremata . Cambrian to Permian. 


Family 1. Syntrophiidae Schuchert. 


Primitive transverse Pentameruls , derived out of Nisusiinae , having as a rule long , 
straight cardinal areas that usually are devoid of deltidia and chilidia . Spondylia 
and cruralia free or supported by septa. Cambrian and Ordovician. 


(V) Swantonia Walcott (Fig. 583). Rostrate, plicate, small and rare shells, 



Fkj. ,3S3. Flw * 584 - 


Siuintonin antuinntu (Bill.). 
Lower Cambrian ; V ermont A , 
Ventral extend. J>, Side view 
of same showing spondylium 
(alter Walcott). 


i Syntruphta lateralis (Whitfield) Ordovician ; Fort Cassm, 
Vermont. A, C, D, E, View's of ventral valve showing cardinal 
area and spondylium. JJ, Dorsal valve. F, Cardinal view of 
both valves ground away to show section of spondylium and 
cruialmm (after Hall and Claike). 


Syntrophia Hall and Clarke (Fig. 584). Transverse, straight-hinged, 
primitive Pentamerids with open delthyria in both valves. Spondylia well 
developed and supported by an incipient septum ; cruralia small and supported 
by a septum. Middle Cambrian to Lower Ordovician; North America. 
Subgenus : Huenella Walcott. Has a plicate surface. Middle and Upper 
Cambrian ; North America, China and Australia. 

' Glarkella Walcott. Like Syntrophia , but the spondylium is supported by 
three septa. Lower Ordovician ; Montana. 


Family 2. Clitambonitidae Winchell and Schuchert. 

Divergent transverse Pentamerids , derived out of Syntrophiidae , with well-developed 
cardinal areas, deltidia , chilidia and spondylia. Cruralia not developed . Essenti- 
ally Ordovician but range sparingly into Devonian. 

Clitambonites Pander ( Orthisina d’Orb. ; Proniies and Gonambonites Pander) 
(Fig. 585). Valves convex or sub-pyramidal. Hinge-line straight, forming 
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the greatest diameter of the shell. Cardinal area of the ventral valve high ; 
delthyrium broad, and covered by a perforate deltidium ; that of the dorsal 
valve covered by a 
chilidium. Dental 
lamellae of ventral 
valve very strongly 
developed, uniting 
to form a concave 
spatulate plate or 
spondylium. This 
plate serves for the 
attachment of 
muscles, and is sup- 
ported by a median 
septum extending 
for about one-half the length of the valve. External surface radially striated 
and often lamellose. Shell substance impunctate. Ordovician; North Europe 
and North America. 



Fkj. f>85. 

A, (MUmlmutes cuhcendens (Pantl.). Ordovician; Pawlowsk, near St Peters- 
burg. i/i* A A vqmmatw (Pahlen). Ordovician; Kuekers, Esthoma. JJ, 
Interior of doisal valve, showing edge of the chilidium. C, Interior of ventral 
valve, showing spondylium, septum and deltidium (after Pahlen). 


Subgenus : Hemipromtcs Pander. Biconvex Orthid-like forms with fine non-lame Hose 
striae. Ordovician ; Esthoma. 

Polytoechia Hall and Clarke. Like Olitamhonites but with the spondylia 
supported by three septa, thus dividing the umbonal cavity of the ventral 
valve into five chambers. Ordovician ; North America. 

Scenidium Hall (Mystrophora Kayser). Small orthisinoid shells with the 
delthyrium partially closed by a concave imperforate deltidium. Cardinal 
process extending as a median septum throughout the length of the shell. 
The septum is sometimes greatly elevated anteriorly in Devonian species. 
Ordovician to Devonian ; North America, Europe and the Urals. 


Family 3. Porambonitidae Davidson. 

Derived {out of Syntrophiidae), progressive , semi-rostrate Peutamerids, with the 
deltidia and chilidia vanishing more and more in time . Spondylia and cruralia 
present, but the former tends to thicken and unite with the ventral valve. Ordovician 
to Lower Devonian. 


Subfamily A Porambonitinae Gill. 

Noiirplicated Porambonitidae, with the shells externally pitted. Ordovician. 
Porambonites Pander ( Isorhynchus King) (Fig. 586). Shells similar to 


.-( v G D E F 



Pio 5S0. 


Porambonites acqnirodns (Schloth.). Ordovician (Vaginatenkalk) ; St. Petersburg. A-(\ Anterior, lateral 
and posterior aspects of shell, Vi« A Punctate surface, magnified. E, F, Interior of ventral and dorsal valves, 
respectively. 

Parastrophia in form, but without plications, and with obtusely triangular 
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areas in both valves. Shells thick, variously pitted externally. Ordovician ; 
Russia. 

Noetlingia Hall and Clarke. Exterior like Poranibonites , but with long, 
straight hinge-line, prominent cardinal areas, and perforate beaks. Ordovician; 
Russia. 

Subfamily B. Parastrophunae, novum. 

Plicated Porambonitidae. Ordovician to Lower Devonian. 

Camarella Billings. Small, smooth shells with a few low plications and 
without cardinal areas. Dorsal valve at maturity most convex. Spondylium 
well defined. Cruralium very small, supported by a long septum. Ordovician ; 
North America and (?) England. 

Parastrophia Hall and Clarke. Much like Camarella , but with a moderately 
long, straight cardinal line, and no cardinal area. Dorsal umbo conspicuous, 
projecting beyond that of the ventral valve. Ordovician and Silurian ; North 
America and England. 

Anastrophia Hall (Brachymerus Shaler, non Dej.). Much like Parastrophia , 
but with the dorsal umbo more prominent and the valves with numerous 
sharp plications extending to the beaks. Silurian and Lower Devonian; 
North America, England and Gotland. 

(?) Lycophwia Lahusen. Russia and Scandinavia. 


Family 4. Pentameridae M‘Coy. 

Terminal , usually rostrate Penta/merids , developed out of Porambonitidae . 
Spondylia and cmralia well developed . Sometimes th&'e is a concave plate in the 
ventral delthyrium that is interpreted as the " deltidium ; if so, it is a special develop - 
ment due to the highly incurved beaJcs of both valves in the decidedly comex species. 
Silurian to Permian. 


ConcMdium Linn. (Gypidia Dalman; Antirhynchondla Quenstedt; Zdimir 
Barrande) (Figs. 587 ; 588, D). Shell strongly inequivalve, biconvex, with 



Fig. 5S7. 

Conchidium Uloculare Linn. Silurian ; Gotland. A, Shall of the natural size. B, Beak showing concave 
delttdiwn. U, D, Intenor of dorsal and ventral valves, respectively. *, Spondylium : S, Median septum of 
ventral valve, Fig. D ; 6, Dental lamellae ; c, Orura ; **7, Septum -like supports, Fig. C. 


highly arched ventral valve. Surface numerously plicated. Spondylium narrow 
and deep, and supported by a high vertical septum of variable length. A 
small cardinal process present. Silurian and Devonian ; distribution general. 
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Striddandinia Billings. Similar to Conchidium , but with a straight -mge- 
line and no prominent arched ventral beak. Spondylium small and short, 
supported by a short median septum. Silurian; North America, England 
and Gotland. 

Pentamerus Sowerby (Pentasthre Blainville). Like Conchidium , but with 
smooth shells, or sometimes with a few broad and obscure radiating undula- 
tions. Silurian ; distribution probably general. 

Orthotropia Hall and Clarke. Similar to small Pentamerus ;, but with a 
short hinge-line. Differs also internally. Silurian ; Wisconsin. 

Holorhynchus KiSr. Transverse Pentamerus, with incipient plications. 
Spondylium not supported by septum. Silurian ; Norway. 

Capellinia Hall and Clarke. Like Pentamerus , but with the relative con- 
vexity of the valves reversed. Silurian ; North America. 

Clorinda Barrande (Barrandella Hall and Clarke). Small GypidulaAike 
Pentamerids usually with smooth shells, rarely plicate. Spondylium with- 
out a supporting septum. Silurian ; North America and Europe. 

Pentamerella Hall. Much like Clorinda, but with strong plications and a 
narrow cardinal area. Devonian ; North America. 

Sieberella (Ehlert; and Gypidula Hall. (Fig. 588.) Galeatiform Penta- 


A BCD 



A-C, Gypidula gideaia (Dalm.). Devonian ; Gerolstein, Eifel. A, Dorsal aspect, i/i- If, Anterior aspect. 
C, Transverse section below the hinge-line. (Lettering the same as m Fig. 587, 6', D.) D, Conchidium kntghtii 
(Sow.). Silurian; England. Va- 


iner ids, with the median sinus on the dorsal, and the fold on the ventral valve. 
In Sieberella there is no cardinal area, but in typical Gypidula there is a well- 
defined, cross-striated, cardinal area. A c 


Surface smooth or plicate. Silurian and 
Devonian; North America and Europe. 

Brmconia Gagel. Like Gypidula , 
but with sharp and few plications, as 
in Pugnax of the Rhynchonellids. Sil- 
urian ; Glacial drift of Germany. 

Semimla M‘Coy ( 71 m auct.). Ac- 
cording to Buckman the genotype is 
Terebratula pentaedra Phillips. Shells 



rhynchonelliform with the surface fig. 689 . 

more or less strongly plicated. Spon- 

dylium supported by a long median Of shell, enlarged, pr, Cardinal process ; c. Crura ; 
septum. Devonian to Permian; Europe, fJftgHEy ^ *** ^ 781701 

India and North America. Subgenus 

Oa/marophoria King (Fig. 589) may, according to Buckman, be used for the 


more transverse, fully plicate shells. 
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Gamarophorella Hall and Clarke. Biconvex, sub-circular Gamm ophoriae, 
but without sinus, fold and plications. Lower Carboniferous; North America. 

Strophomenacea of unknown relationships. 

Family 1. Eichwaldiidae Schuckert. 

Primitive or aberrant , rostrate Strophomenacea , with narrow lateral grooves and 
ridges for articulation. Delthyrium closed by a concave plate {? deltidium). Pedicle 
emerging through the ventral umbone and moving with growth anteriorly by resorption 
through the shell , as in Siphonotretidae . Ordovician and Silurian. 

Eichwaldia Billings. The single species of this genus has a smooth 
exterior. Ordovician ; North America. 

Dictyonella Hall {Eichwaldia auct.). Exterior surface of valves pitted in 
quincunx, resembling Trematis. Silurian; North America, England, Bohemia 
and Gotland. 


Order 4. TELOTREMATA Beecher. 

Specialised (through Atremata, 1 Obolacea), articulate, calcareous Brachio- 
poda, with the pedicle opening shared by both valves in earliest shelled 
stages, usually confined to one valve in later stages, and becoming more or less 
modified by deltidial plates in advanced growth stages. Brachia supported by 
calcareous crura, loops or spiralia. 

Superfamily 1. RHYNCHONELLACEA 'Scliucliert. 

j Rostrate, primitive Telotremata , with or without crura for the support of the 
brachidia. Pedicle foramen nearly always beneath the beak and but rarely through 
a truncate ventral apex. Shells almost always impunctate. Ordovician to Recent. 

Family 1 . Protorhynchidae Seliuchert. 

Primitive Bhynchonellacea without deltidial plates or crura. Ordovician. 

Protorhyncha Hall and Clarke. Biconvex Bhynchonellae with the fold 
and sinus ill-defined. No cardinal process or dorsal median septum. Surface 
with low radial plications. Ordovician ; North America. 

Family 2. Rhynchonellidae Gray. 

Bhynchonellacea with crura of greater or lesser length . Shells usually plicate , 
rarely smooth or spinose. Ordovician to Recent. 

Subfamily A Rhynchotreminae, novum. 

Bhynchonellids with a cardinal process . Ordovician to Devonian. 

Orthorhynchula Hall and Clarke. Bhynchonellae with short, straight hinge- 
line and cardinal areas in both valves, bisected mesially by open delthyria. 
Teeth unsupported by dental lamellae. A linear cardinal process present. 
Ordovician ; North America. 

Bhynchotrema Hall (Stenochisma Conrad, 1839; and Hall, 1867) (Fig. 590). 
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Thick-shelled, often gibbous Rhynchonellae with prominent, thick, concave 
deltidial plates. Dorsal valve with a thick median septum, upon which rests 



Flu. 500. 

Rhyndwtirma cupax (Conrad). Ordovician ; "Wisconsin. A, Interior of ventral valve showing concave 
deltidial plates (dp) and teeth ( t ). J2, Dorsal view. C, Dorsal interior showing cardinal process (j), crural 
processes (c) and doi sal sockets (b). (Aftei Hall and Clarke ) 

a linear cardinal process. Crural plates very broad and stout. Ordovician ; 
North America. 

Steyerhynchus Foerste. Exterior as in Camarotoechia , but with a thin 
vertical cardinal process as in Rhynchotrema . Silurian; North America and 
Europe. 

Rhynchotreta Hall. Trihedral Rhynchonellae with the ventral beak acu- 
minate, produced and truncate. Pedicle foramen apical, the delthyrium 
being completely closed by the deltidial plates. Dental lamellae and car- 
dinal process present. The prominent dorsal median septum separates 
posteriorly, each branch supporting one process of the divided hinge-plate. 
Silurian ; North America and Europe. 

Eatonia Hall. Rhynchonellae with large, flabellate, deeply excavated 
muscular scars in the ventral valve. No dental lamellae. Cardinal process 
large, resting upon a short median septum, and bifurcate at its summit. 
Devonian ; North America. 

Uncinulus Bayle. Like Wilsonia , but with the hinge-plate undivided, and 
with a well-developed cardinal process. Devonian; North America and 
Europe. 

(?) Cyclorhina Hall and Clarke. May be of the Athyridae rather than of 
the Rhynchonellidae. Devonian ; North America. 


Subfamily B. Rhynchonellinae GilL 

Rhynchonellids without a cardinal process . Silurian to Recent. 

Camarotoechia Hall and Clarke (Fig. 591). Sharply plicate Rhynchonellae 
with the dorsal median 

septum bearing nos- ^ B 

teriorly 
cavity, 
absent ; 
present. 

Lower 
North 
Europe. 

Rlethorhyncha Hall 
and Clarke. Large, ponderous Rhynchonellae , with almost no dental lamellae 
and no crural cavity. Lower Devonian ; North America and Europe. 


bearing pos- 
a short crural 
Cardinal process 
dental lamellae 
Silurian to 
Carboniferous ; 
America and 




Fn*. 591. 

Camarotoechia congregata (Conrad). Devonian ; New York. A, Dorsal 
aspect D, C, Dorsal interiors showing hinge-plate (Tip), rostral chamber 
(d), cruial processes and dental sockets ( h ). (After Hall and Clarke.) 
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Rhynchotetra Weller. Elongate, coarsely plicate shells nearest to 
Camarotoechia. Dental lamellae uniting into a spondylium, which is supported 
by a median septum. Lower Carboniferous ; North America. 

Tetracamera Weller. Like Camarotoechia , but with rostral dorsal cavity 
divided into four chambers by the crural plates and a median septum. A 
spondylium present, but practically without septal support. Lower 
Carboniferous ; North America. 

Paraphorhynchus Weller. Coarsely plicate Rhynchonellae with fine 
additional striae. Interior much as in Camarotoechia . Lower Carboniferous ; 
North America. 

Leiorhynchus Hall. Internally like Camarotoechia , but with the plications 
on the lateral slopes usually faint or obsolete. Devonian to Carboniferous. 
Subgenus : Moorejieldella Girty. Differs in having a finely plicate surface. 
Lower Carboniferous ; North America. 

Wilsonia Kayser ( Uncinulina Bayle). Sub-cuboidal or sub-pentahedral 
Rhynchonellae with the low plications marked anteriorly by fine median lines. 
Internally as in Camarotoechia . Silurian to Lower Carboniferous/ North 
America and Europe. 

Hemiplethorhynchus von Peetz. Very similar to Camarotoechia. Crural 
cavity with a posterior triangular opening. Upper Carboniferous; Altai, 
Russia. 

Hypothyridina Buckman (Hypothyris King, non Hubner 1822). Sub- 
cuboidal Rhynchonellae with a very rudimentary dorsal median septum. 
Plications as in Wilsonia. Vascular sinus frequently strongly impressed in 
the ventral valve. Devonian ; North America and Europe. 

Pugnax Hall and Clarke. Rhynchonellae with a deep dorsal and shallow 
ventral valve, and very prominent fold and sinus. Dental lamellae short ; 
no median septa. Devonian to Carboniferous ; North America and Europe. 
Subgenus: Allorhynchus Weller. Has decided angular plications as in 
Camarotoechia . Lower Carboniferous ; North America. 

Pugnoides Weller. Exterior like Pugnax , with the internal characters of 
Camarotoechia . Lower Carboniferous ; North America. 

Shumardella Weller. Much like Pugnax, but with a short dorsal median 
septum that is not connected with the hinge-plate. Lower Carboniferous; 
North America. 

Rhynchopora King ( Rhynchoporina CEhlert). Plicate Rhynchonellae with 
the shell substance punctate. A crural cavity as in Camarotoechia , but roofed 
over by the hinge -plate. Dental lamellae well developed. Range from 
Lower Carboniferous to Permian ; Europe and North America. 

(?) Torynifer Hall and Clarke. May be Rhynchonellae with the crural plates 
united into a hinge-plate. Genus not yet defined. Lower Carboniferous ; 
North America. 

Terebratuloidea Waagen. Rhynchonellae with very large apical truncate 
foramen, but without dental plates or median septa. Carboniferous to 
Permian; India. 

Rhynchonella Fischer (as restricted by Hall and Clarke) (Fig. 592, A). 
Sub-pyramidal pauciplicate shells with the pedicle opening as in Cyclothyris . 
Dental lamellae and a dorsal median septum present. Jurassic and 
Cretaceous. 

Cyclothyris M‘Coy (as redefined by Buckman in 1906) (Figs. 592, B } 
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oiAss n 


and 593). 


Multiplicate Rhynchonellae with the pedicle opening below the 


A B 



Pit}. 592. 

A, BJiyndhondla hxia Piscli. Upper Jura; Moscow, a, b, Profile 
and dorsal view, i/i» c > Internal mould; (I, Anterior view. B, 
Cyclothyris quadrLphcata (Quenst.). .Middle Jura; Boptingen, Wur- 
temberg. 


A 



Pio. 593. 


A, Cyclothyris vespeHilio 
(Brocehi). Upper Cretaceous ; 
Villedieu, Tourame. l /i* A & 
lacunusa (Schloth.). Upper Jura ; 
Engelhardsberg, Franconia. In- 
terior of dorsal valve. 


ventral beak. Embraces the bulk of Mesozoic Bhynchonellids. Genotype 
Terebmtula latissima Sowerby. Distribution general in Mesozoic time. 

Upwards of 700 species of Brachiopods have been described under the name of 
ffliynchonella , most of which are found in Mesozoic strata and are now to be referred to the 
genus Cyclothyris. But few Bhynchonellids agree with the genotype, which is ffliynchonella 
loxia Fischer (Fig. 592) from the Upper Jura of Russia. It is probable that there are no 
Rhynchonellas in the Paleozoic. Hall and Clarke and Weller have shown that most of the 
American Paleozoic species belong to other genera. Bittner has also removed from 
ffliynclionella many Tnassic species. 

s 

Ealorella Bittner. Sharply plicated Rhynchonellae with a median sinus 
on both valves. Alpine Trias. 

Austriella Bittner. Small triangular, usually smooth-shelled Rhynchonellae 
without prominent fold and sinus. Alpine Trias. 

Novella Bittner. Like Austriella , but with prominent anterior fold and 
sinus. Alpine Trias. 

Rhynchonellina Gemmellaro. Transverse Rhynchonellae with fine radial 
striae. Cardinal margin nearly straight, with a low concave ventral area. 
Crura very long, ventrally curved. Median septum of dorsal valve faint. 
Jura ; Sicily and. the Alps. 

Dimerella Zittel. Small plicate shells with a high umbo and a straight 
hinge-line. Delthyrium large, with linear deltidial plates. Dorsal valve with 
a high median septum extending to the ventral 
valve. Alpine Trias. 

Peregrinella GEhlert. Large, strongly plicate 
Rhynchonellae without fold or sinus. Cardinal 
area well developed. Cretaceous ; Europe. 

Hemithyris d’Orb. (Fig. 594). Smooth or 
faintly plicate Rhynchonellae with a high ventral 
beak and open delthyrium. No dental plates. 

Recent. 



400 


MOLLUSCOIDEA 


PHYLU 


v 

jfche 


Basiliola Dali. Deep-sea forms resembling Hemithyris. , but with 
deltidial plates united into a spondylium-like plate. Decent. 

Frieleia Dali. Resembling Hemithyris , but with a small dorsal spondylium. 
Recent ; American Pacific. 

Atretia Jeffreys ( Cryptopora Jeffreys 1869, non Cryptoporus Motoch 1858; 

Neatretia (Ehlert). Small, smooth shells with an acute and 
prominent open ventral beak. Dental plates and a high, 
mesially situated, dorsal septum present. Recent. 



Subfamily C. Acanthothyrinae, novum. 
Piliynchonellicls with a spinose surface. 

y Acanthothyris d’Orb. (Fig. 595). In general like Hemi- 

(Sciuoth yl lb Middle thyris, but with well-developed dental plates. 

Pd^at^rmteI rbacll, Uppei Recent ; Europe and Japanese sea. 


Fin. 595. 


Jurassic to 


Superfamily 2. TEREBRATULACEA Waagen. 

Specialised Teloiremata with the brachia supported by calcareous , primitive or 
metamorphosed loops. Shell structure always punctate. Devonian to Recent. 

Division A Terebratuloids. 

Terebratulacea with the loops unsupported by a median dorsal septum at any stage 
of growth. Brachial cirri directed ouhoards in larval stages. 


Family 1 . Centronellidae Hall and Clarke. 

Primitive Terebratuloids with short loop>s developing direct and composed of two 
descending lamellae , uniting in the median line and forming a broad arched plate. 
Shells smooth , faintly striate or rarely plicate. Devonian to Triassic. 

This family compiises the simplest of all Terebratuloids, and from it are probably 
descended the other loop-bearing families. 

Centronella Billings (Fig. 596). Commonly small, smooth, plano-convex 

or concavo-convex shells, with the descend- 
ing branches of the loop broadening 
rapidly anteriorly, and uniting in a tri- 
angular, mesially ridged plate. Hinge- 
plate perforate. Devonian ; North America. 

Amphigenia Hall ( Enantiosphen Whid- 
borne). Elongate-ovate, high -shouldered 
shells without median fold or sinus. 
Surface with concentric growth varices 
Erie and faint radial striae. Dorsal valve with 
a large sub-quadrate hinge-plate perforated 
by the visceral foramen and without a 
Middle Devonian ; North and South America, France and 



Centronella 
County, N.Y. 'A, B, 
C, Loop, enlarged. 


Fig. 596. 

fagea (Hall). Devonian ; 

" -file and dorsal aspect, Vi* 


cruralium, 

Germany. 


Hall. Ovate or elongate-ovate striate Terebratuloids. The 
descending branches of the loop diverging for a short distance, thence acutely 
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bent, converging, and uniting in an elongate triangular plate, which on the 
posterior margin gives off a small, posteriorly directed, rod-like process. 
Hinge-plate large and often much thickened. Thick dental plates present. 
Lower Devonian ; North America and Germany. 

Lissopleura Whitfield. Strongly plicate Eensselaeriae , with the dental 
plates uniting to form a short rostral cavity. Lower Devonian ; North 
America. 

Beachia Hall and Clarke. Lentiform, finely striated Eensselaeriae with the 
lateral margins of the valves inflected, the anterior plate of the brachidium 
broader, and the rod-like process longer. Lower Devonian ; North America. 

Newberria Hall (Eensselandia Hall). Resembling Eensselaeria externally, 
but without the striate surface. Interior strongly marked by muscular scars 
and vascular sinuses. Devonian ; North America and Europe. 

Chascothyris and Denkmannia Holzapfel. Devonian ; Germany. 

Oriskania Hall and Clarke. Large Centronellae with a continuous hinge- 
plate bearing a thin vertical spur or cardinal process. Lower Devonian ; 
North America. 

Selenella Hall and Clarke. Comprises biconvex terebratuliform shells 
with a Centronella- like loop, but the triangular plate not mesially thickened. 
Devonian ; N orth America. 

Eomingerina Hall and Clarke. Small biconvex Centronellae with the 
median ridge on the anterior plate of the loop elevated into a high vertical 
lamella almost touching the ventral valve and extended both anteriorly 
and posteriorly. Devonian to Lower Carboniferous \ North America. 

Trigeria (Bayle) Hall and Clarke. Plicated, plano-convex Centronellae . 
Devonian ; France, Brazil and North America. 

(?) Scaphiocoelia Whitfield. Very large, plicate, piano- or concavo-convex, 
Centronella- like shells exteriorly. Loop unknown. Shell substance fibrous, 
impunctate. (?) Devonian ; South America. 

Juvavella Bittner. Small, smooth, biconvex shells, with a very short 
CentronellaAike loop. Alpine Trias. 

Juvavellina and Dinarella Bittner. Alpine Trias. Aspidothyris Diener. 
Trias of India. 

Nucleatula Bittner. Like Juvavella, but having a longer loop with a well- 
developed and fimbriated vertical median plate. Alpine Trias. 


Family 2. Stringocephalidae King. 

Specialised Devonian Terebratuloids with a long loop , following the margin of the 
dorsad valve, and not recwved in front. Development direct. Probably no median 
coiled arm. Shells smooth . Devonian. 

Stringocephalus Defr. (Fig. 597). This, the solitary genus of the family, is 
limited to the Devonian of Europe and North America. 

Family 3. Terebratulidae Gray. 

Terebratuloids developing originally a Centronella-like loop, and thence by a short 
series of metamorphoses resulting at maturity in a free loop of varying form 
Devonian to Recent. 

VOL. I 2d 
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Subfamily A. Megalanterinae Waageu. 

Paleozoic Terehratulidae with a long loop giving off ascending branches. Shell 
smooth. Devonian to Carboniferous. 




Fig. 597. 


StrmqocepTialus hurtini Deft. Devonian ; Paffrath, near Cologne. A , Side-view, s/ 3 natural size. B , Greatly- 
reduced diagram showing brachidium and median septa t', Young specimen with large delthyrium and deltidial 
plates. D, Interior of dorsal valve, natural size, partly restoied. a , Adductors ; c, Crura ; d, Dental sockets ; 
l, Loop ; pr, Cardinal process ; s, Median septum. 


Megalanteris (Ehlert (Meg aniens Suess). Large, smooth, equally biconvex, 
sub-oval shells, with the long convergent jugal processes of the loop extending 
beyond the connecting band of the ascending branches. Devonian ; Europe 
and North America. 

Cryptonella Hall. Elongate oval shells with short jugal processes. 
Devonian to Lower Carboniferous ; North America, England and Bohemia. 

Harttina Hall and Clarke. Centronella-\ike shells with a high dorsal 
median septum and the descending branches of the loop laterally fringed with 
irregularly set spinules. Carboniferous ; North America and Brazil. 

(2) Cryptacanthia White and St. John. 
Upper Carboniferous ; North America. 

Subfamily B. Dielasmatinae, novum. 



Paleozoic Terehratulidae with 
short loops . Often there are cruralia present 
Shells smooth or coarsely plicate. Devonian 
to Permian. 

j Eunella Hall and Clarke. Like Dielasma 
but without a cruralium. Devonian ; North 
America. 

iiW\Savrd f sonf ined valves ’ Dielama King (Epithyris King, non 

Phillips) (Fig. 598). Dental lamellae 
strong. To the divergent crural plates is attached a shallow, often quite long, 
free or sessile cruralium. Devonian to Permian ; Europe, India and America. 


Fig. 59S. 

Dielasma clou gatum (Schloth.). Permian; Hum- 
bleton, England. A, Dorsal and anterior -views, 
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Girtyella Weller. Like Dielasma , but the eruralium is supported by a 
septum. Lower Carboniferous ; North America. 

Dielasmoides Weller. Like Girtyella , but with septal plates instead of 
crural lamellae. Lower Carboniferous ; North America. 

Cranaena Hall and Clarke. Dental lamellae strong. Socket plates 
uniting into a hinge-plate which is posteriorly perforate; no eruralium. 
Devonian and Lower Carboniferous. Subgenera : Hamburgia and Dielasmella 
Weller. Lower Carboniferous, North America. 

j Dielasmina Waagen. Plicated Dielasmids. Carboniferous; India. 

Beecheria Hall and Clarke. Like Dielasma , but without dental lamellae ; 
eruralium completely sessile. Carboniferous ; North America and India. 

Rowley ella Weller. Both valves with median septa. Lower Carboniferous ; 
North America. 

Heterelasma Girty. Smooth Dielasmids with a ventral fold and a dorsal 
sinus. Median septa in both valves. Hinge-plate rudimentary. Permian ; 
Texas. 

Eemiptychina Waagen. Plicated Dielasmids without dental plates. Carboni- 
ferous to Permian ; 'India. 

Notothyris Waagen ( Rostranteris Gemmellaro). Coarsely plicate biconvex 
shells with a perforate hinge-plate as in Centronella . Permian ; India. 

Subfamily C. Terebratulinae Dali. 

Post-Paleozoic Terebratululae with a short loop . A median unpaired coiled arm 
exists in Recent genera. Triassic to Recent. 

Terebratula Muller 1776 (as redefined by Buckman 1907) (Fig. 599). 
Genotype Anomia terebra- 
tula Linn. Pliocene. Large 
biplicate shells of the Ter- 
tiary of Europe. 

Musculus Quenstedt. 

Buckman states that this 
term will be useful for the 
Cretaceous biplicate species. 

Genotype Terebratula acuta 
Quenst. Europe. 

Epithyris Phillips, non 
King. Buckman uses this 
genus for a small group 
of Jurassic biplicate forms. 

Genotype Terebratula maxil - 
lata Sowerby. Europe. 

Rhaetina and Zugmeyeria Waagen. These genera comprise biplicate 
forms. Trias; Europe. 

Pygope Link (Diphyites Schroter) (Fig. 600); Antinomia Catullo ; and 
Pygites de Haan (as redefined by Buckman 1906). Three independent genera, 
according to Buckman, with the shells originally bilobed, the two lobes often 
uniting anteriorly in adult specimens, but leaving posteriorly a median 
hollow space passing through both valves. Developed out of a Glossothyrid- 
like form. Jurassic ; Europe. 
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Propygopc Bittner. Triassic ; Europe. 

Didyothyris Douville (Fig. 601); G lossothyris Douville (Fig. 602); Pseudo - 
glossothyris Buckman ; (?) Disculina Deslong. All from the European Jura. 
Liothjrina (Ehlert (. Liothyris Douville) (Fig. 603). Tertiary to Recent. 
Terebrafulina cTOrb. (Fig. 604). Jurassic to Recent ; distribution general. 
Chlidonophora Dali. Deep-sea Terebratulinae. Recent. 

Subfamily D. Dyscoliinae Beeeber. 

Post-Paleozoic Terebratulidae with the loop short and no coiled median arm . 
(?) Cretaceous, Recent. 









Glotoutlu/ru i mideata (Hcliloth.). 
Upper Jura ; Engolhaulsberg, 






Fig. 603. 

hothyrina, vitrea (Linn.). Recent; Mediteiranean. 1/1* 




Fig. 604. 

Terebratnlwa sub* 
striata (Schloth.). 
Upper Jura; Nat* 
theim, Wurtem- 
berg. Vi- 


Dyscolia and Eucalathis Fischer and (Ehlert. Recent. 

(?) Agulham King. Small Terebratulina- like shells with the ventral beak 
greatly elevated and a triangular false cardinal area. Cretaceous to Recent. 


Division B. Terebratelloids. 

Terebratulacea with the loop supported by a median dorsal septum throughout 
life, or only in the younger stages . Brachial cirri directed inwards during larval 
stages . This section has two phyla having a common origin , now geographically 
separated in two provinces , one austral , the other boreal 

Family 1. Terebratellidae King (emend. Beecher). 

Terebratelloids with the loop in the higher genera composed of two primary a/nd 
two secondary lamellae , passing through a series of distinct metamorphoses while 
attached to a dorsal septum . Devonian to Recent. 
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Subfamily A. Mecjathyrinae Dali (emend. Beecher). 


Terebratellidae in which the loop is composed of descending branches only, passing 
in the highest gems through stages correlative with Gwynia, Argyrotheca and 
Megathyris. The lower genera do not complete the series. The original stock for the 
two following subfamilies . Jurassic to Recent. 


Gwynia King. Minute, elongate-oval, smooth shells with a short, nearly 
straight hinge-line. Neither 



nor loop. Brachia primitive, consist- 
ing of a circlet of cirri. Recent. 

Zellania Moore. Minute shells 
without a loop, but with a median 
septum in each valve. Lias ; Europe. 

Argyrotheca Dali ( CisteUa Gray) 

(Fig. 605). Externally like Mega- 
thyris, but without lateral septa. 

Cretaceous to Recent ; Europe. 

Megathyris d 7 Orb. ( Argiope Des- 

long.) (Fig. 606). Transversely elongate, plicate shells with long 
straight hinge -line. Dorsal valve with three or five septa, 
brachidium to have four lobes. Jura to Recent ; Europe. 


Fi<j. 005. 


Argyrotheca hilo- 
ruhii is (Deal ). 
Cenomanian , La 
Manche. Vi* 


Fin. 006. 

Megathyris decollata (Chem.)! Re- 
cent; Meditenanean. Interior of 
dorsal valve. 4 /i (after Davidson}. 


and 

causing the 


Subfamily B. Dallininae Beecher. 


Terebratellidae with the loop composed of descending and ascending lamellae , 
passing in the highest genera through metamorphoses comparable to the adult structure 
of Platidia, Ismeniu , Muehlfeldtia, Terebratalia, and Dallina. The lower genera, 
therefore, do not pmgress to the final stages . Jura to Recent. Recent genera 
restricted to boreal seas. 


Platidia C.osta (Mornsia Davidson). Small, smooth, biconvex shells with 
a large pedicle opening common to both valves. In the dorsal valve there 

is a high vertical 
plate to which are 
attached the de- 
scending branches; 
ascending branches 
not represented. 
Recent. 

Ismenia King. 
Coarsely plicate 
shells with the loop 

Muehlfeldtia trnncata (Gemm.). consisting 
Recent; Mediterranean. Inteiior briate descending 
of dorsal valve, c, Crum ; c7. Dental , i 

sockets ; e, Jugum 7, Ascending branches anu 
aDddeBoenarngbrniiohea of loop; sim ple ascending 
p, Process attached to median sep- -r ” & 

tnm; pr, Cardinal process; 5, branches. Jura. 
Median septum. 



Fin. 608. 


Fia. (307. 


Trlganellma paimmila (Schloth. ). Upper 
Jura ; Engelhaidsberg, Franconia. A-C, 
Shell of the natural size. D, E, Two .views 
of loop, enlarged. 


Trigonellina Buckman (Fig. 607). Jurassic ; Europe. 
Muehlfeldtia Bayle {Megerlea King) (Fig. 608). Jura to Recent. 
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Frenulum DalL Subgenus of Muehlfeldtia. Recent. 

Terebratalia Beecher. Shell when adult like Terebratella , but passing 
through a quite different series of metamorphoses. Recent. 

Dailina Beecher. Elongate Terebmtaliae with a small cardinal process and 
a ventral median sinus. Tertiary to Recent. 

Macandreiia King. Elongate Terebrataliae with dental plates and no 
cardinal process. Recent. A subgenus of Eudesia , according to Dali. 

Laqueus Dali (Frenula Dali). Like Terebratalia , but the loop has two 
lateral processes connecting the ascending and descending branches. Recent. 



E 



A t B, Kingem lima (Defr.). Cretaceous ; England. Lateral and frontal aspect ot loop, enlarged (after 
Davidson). C, Specimen from the Galentenplaner of Salzgitter, tyj. D, External surfaco, enlarged. E, F, 
Kingena frieseims (Schrufer). Upper Jura; Grmbmgen, Wurtemberg i/i* fi > Crura; (1, Dental buckets; 
e, Jugmn ; /, Z, Ascending and descending branches of loop ; j, Cardinal process ; r, Point of reemvaturo of 
loop ; Sy Median septum. 


Kingena, Davidson (Kingia Schloenbach) (Fig. 609). Cretaceous ; Europe 
and North America. 

Pseudolcmgena Bose and Schlosser. Cretaceous ; Europe. 

Lyra Cumberland ( Terebrirostra d’Orb.) (Fig. 610). Cretaceous; Europe. 


A Jt 



A, Triffonoeemus elegans Koenig. White Chalk ; 
England. Interior of dorsal valve, enlarged (after 
Davidson). B, T. palium Wood w. Upper Cretace- 
ous ; Ciply, Belgium. Vi* 


a Trigonosemus Koenig (Fismrirostra, Fissirostra d’Orb. ; Delthyridea King) 
(Fig. 611). Cretaceous; Europe. 

Microthyris Deslongchamps (Fig. 612); Omithella Deslongchamps ; Zeilleria 
Bayle. Jurassic genera; Europe. 

Aulacothyris Douvill6 (Fig. 613). Trias to Cretaceous; Europe. Eudesia 
King ; Ortlwtoma and Trigomlla Quenst. ; Flabellothyris Deslong. Jura ; Europe. 
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Fimbriothyris and Epicyrta Deslong. Jura. Camerothyris Bittner. Trias. 



Fio. 612. 

Micrathyns lagenalu, (Schloth ). Cornbrash , 
Rushrten, England. l/i (after Davidson). 


Cincta Quenstedt. Jura. Antiptychina 
Zittel. Jura. Plesiothyris Douville. Jura. 
These are all European genera. 

? Hynniphoria Suess; ? Cruratida Bittner; 
? Orthoidea Friren. 



Fio. 613. 

Julaoothyris setup mata (Sow.). Middle Lias ; Ilminster. 
England (after Deslongchamps). 


Subfamily C. Magellaniinae Beecher. 


Terebratellidae with the loop composed of descending and ascending branches , 
passing in the higher genera through metamorphoses comparable to the adult structure 



o d 



Fio. 614. 

Mityas pum,ilu8 Sow f White 
Chalk : Meuilon, near Paris. A, B, 
Shell, Vi* C', Vertical section. D, 
Intenor of dorsal valve. 



Fio. 615. 


Coenotliyris vulgaris (Schloth.). Mtischeikalk ; Wurzburg. A, 
Dorsal and anterior views, i/i. J5, Loop enlarged and restored 
from sections treated with acid (partly after Koschmsky). 


of Bouchardia , Magas , Magasella , Terebratella and Magellania . The lower genera 
become adult before reaching the terminal stages. Jura to Recent. Recent genera 
restricted to austral seas. 

Bouchardia Davidson ( Pachyrhynchus King). Recent ; South Atlantic. 

Magas Sowerby (Fig. 614). Cretaceous; Europe. Pachymagas von 
Ihering. Tertiary ; Patagonia. Magasella Dali. Recent. Comothyris 
Douville (Fig. 615). Trias; Europe. 
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Terehratella d’Orb. (. Delthyris Menke; Ismenia King; Waltonia Davidson) 
(Fig. 616). Jura to Recent. 

Magellania Bayle ( 'JValdheimia King; JSeothyris Douville) (Figs. 534, 535, 

617). Jura to Recent. 

Phynchorina CEhlert. Cre- 
taceous. Megerlina Deslong- 
champs. Recent. Kraussina 
Davidson ( Kraussia Davidson, 
non Dana 1852). Recent. 
Mamma Dewalque. Miocene. 
(?) Phynchora Dalman. Cretace- 
ous. 

Superfamily 3. 
SPIRIFERACEA Waagen. 

Telotremata with the adult 
FlG * , 616 ' J „ Fl °' 01 _ brachia supported by calcareous 

Terehratella duranta Ma/jellama flavcscens (Val.). Re- . _ 7 . .. 

(Lam.). Recent; Chili. cent, Australia. Interior of dorsal Spiral lamellae 0T Spiralia, Ur- 

^ valve ’ somewhat enlal,ged - dovician to Jurassic. 

The Spiriferacea are abundantly represented from the Silurian to the Carboni- 
ferous, during which time the jugum undergoes many and often rapid changes. The 
brachidia in Zygospira are known to begin with a Gentronella-hke loop, as in the 
primitive Terebratulacea. 

Family 1. Atrypidae Gill. 

Divergent Spiriferacea with the crura directly continuous with the primary 
lamellae , which diverge widely and have the spiral cones between them. Jugum, 
simple , complete , or incomplete. Ordovician to Devonian. 

Subfamily A. Zygospirinae Waagen. 

Primitive Atrypidae with a simple jugum , either posteriorly or anteriorly 
directed. Spiralia with apices directed tovmd the median dorsal region . Ordovician 
to Devonian. 

Zygospira Hall (Anazyga Davidson; Orthonomaea Hall; Eallina Wincholl 
and Schuchert ; Protozyga Hall and Clarke) (Fig. 

618). Like Airy pa, but small, and the spirals 
composed of fewer coils. Jugum a simple con- 
necting band, situated rather anteriorly. Sur- 
face sharply plicate, never lamellose. Ordovician 
and Silurian ; North America. 

Catazyga Hall and Clarke. More rotund and 
finely striated than Zygospira , with the complete 
jugum decidedly posterior in position. Ordo- 
vician and Silurian ; North America. 

Atrypina Hall and Clarke. Primitive Atrypae 
with few plications, and but three or four 
volutions in each spiral. Jugum as in Atryjoa, 
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but continuous. Late Ordovician to Devonian ; North America and 
Europe. 

Glassia Davidson (Fig. 619). Small, smooth shells, with the apices of the 
laterally compressed spirals situated at the centre of 
the brachial cavity. Jugum similar to that of Atrypim . 

Ordovician to Devonian ,* Europe and America. 

Subfamily B. Atrypinae Waageii. 

Terminal Atrypidae with the jugum situated extremely 
posteriorly , complete in young stages , but at maturity dis- 
continuous. Spiralia dorso-medially directed . Late Ordo- 
vician to Devonian. 

Jtrypa Dalman (Spirigerim d’Orb.) (Fig. 620). 

Shell radially plicated, usually with lamellar expansions intcnw of aoisai valve a/ x 

* a • i • , 1 - 11 (after Davidson). 

or hollow spines. Spirals introverted, dorso-medially 

directed. Jugum extremely posterior in position, and complete in young 




b a 



Fin. C20 


D 



Atrypa ict.ieulai l* (Lmn.). Middle Devonian; Geiolstem, Eifel. A, Umbonal aspect of adult specimen. B, 
Ventral aspect and profile of young shell. 0 , Interior of dorsal valve, showing spiralia, crura, and jugum. 
D, Ventral valve, showing muscular and vascular impressions, cr, Adductors ; c, Diductors ; tl, Deltidial plates , 
o, Ovaries ; p, Pedicle muscle 


stages ; but mesially absorbed at maturity. Widely distributed in the late 
Ordovician, Silurian and Devonian. 

Gruenewaldtia Tschernyschew. Atrypa- like shells, but with the relative 
convexity of the valves reversed. Devonian \ Russia. 

(?) KarpinsJcya Tschernyschew. Elongate, Atrypa- like shells, with a median 
dorsal septum. Devonian ; Russia. 

(?) Olintonella Hall and Clarke. Silurian ; North America. 



Fin. 621. 

Dayin nannila (Row.). Silurian ; Lud- 
low, Sluopshire. »/ a (after Davidson). 


Subfamily C. Dayiinae Waagen. 

Derived Atrypidae with the jugum drawn out 
posteriorly into a simple short process . Spiralia 
laterally directed . 

Dayia Davidson (Fig. 621). Small smooth 
shells, with the jugum situated anteriorly, and 
drawn out posteriorly into a simple short process. 
Spiralia laterally directed. Silurian ; Europe. 
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Family 2. Cyclospiridae, novum. 

Primitive Spiriferacea with the crura directly continuous with the bases of the 
primary lamellae , which are closely set and nearly parallel. Spiralia very slightly 
introverted and of but three or less volutions ; no jugum present. Middle Ordovician. 

Cyclospira Hall and Clarke. Small, smooth, rostrate shells, with a deep 
ventral and a shallow dorsal valve. Dorsal hinge-plate supported by a median 
septum. Middle Ordovician ; North America. 

Family 3. Spiriferidae King. 

Derived Spiriferacea with the crura directly continuous with the bases of the 
primary lamellae , which are situated between the laterally directed spiralia. Jugum 
simple , complete , or incomplete. Silurian to Jurassic. 

Subfamily A. Spiriferinae, novum. 

Spiriferidae with the jugum discontinuous at maturity , represented by two short 
jugal processes , one attached to each primary lamella. Shell structure with scattering 
perforations , but never regularly punctate. Silurian to Permian. 

Spirifer Sowerby. This name has been made to cover a vast number of 
Paleozoic Brachiopods having a more or less alate form, a multiplicate surface, 
and terminally directed spiralia. Various attempts have been made to group 
the species into phyletic series, but as there is present more or less of homoeo- 
morphic development a completely satisfactory arrangement is not yet at 
hand. The following scheme is of tentative character. 

Spirifer Sowerby sensu stricto ( Fusclla M‘Coy) (Fig. 622 , A). Transverse, 
usually alate Spirifers with the entire shells more or less closely plicate; 
plications simple or dichotomous. Short dental plates developed, but no high 
median septa in either valve. Genotype Anomites striatus Martin. Section 
Aperturati Hall and Clarke. Devonian to Permian ; distribution general. 

Section Spiriferella Tschernysehew. A group of subquadrate Spirifers 
suggesting S. cameraius , but with the surface finely papillose. Ventral shells 
very thick, with strong dental plates. Upper Carboniferous ; Urals, Alaska 
and North America. 

Section Trigonotreta Koenig. Early, coarsely plicate Spirifers in which 
the plications are simple and not dichotomous. Genotype S. aperturatus 
Schlotheim. Devonian ; Europe and America. 

Section Ohoristites Fischer (Fig. 622 , D). Quadrate Spirifers that are 
decidedly multiplicate and have long dental plates. Genotype S. mosquensis 
Vern. Carboniferous ; Europe and America. 

Section Dzieduszychia Siemiradz. Large short-hinged Spirifers with a 
plicate sinus in either valve. Genotype Terebr. Jcielcensis Roemer. Middle 
Devonian; Europe. 

Section Brachythyris M‘Coy. Rounded, tumid, short-hinged Spirifers, with ' 
broad and depressed plications tending to be absent on fold and sinus. 
Genotype S. ovalis Phillips. Carboniferous ; Europe and America. 

Subgenus Adolfia Giirich (Fig. 622 , B, C ). Quadrate to alate, multiplicate 
but not dichotomously plicate Spirifers, that have no plications on fold or 
sinus (rarely, the fold is bilobed and then there may be a plication in the 
sinus). Surface pustulose or finely pustulo-striate. Dental plates short ; no 
ventral median septum. Genotype S. deflexus Roemer. Section, Ostiolati 
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Hall and Clarke. Essentially Devonian but persisting into Carboniferous ; 
distribution general. 

Subgenus Syringothyris Winchell ( Syringopleura Schuchert). Like Adolfia , 
but usually with large and erect ventral cardinal areas, and always with an 
internal tube or syrinx, situated in the delthyrium. Upper Devonian and 
Lower Carboniferous ; widely distributed. 



Fig. 622. 


A, Spinfer atnatus (Martin). Lower Carboniferous ; Ireland. Portion of dorsal valve removed, showing 
spiralia, •*/<! (after Davidsou). B, S. {Adolfia ? ) speciows (Schlotb.). Devonian; Eifel. l j\. C, S. {Adolfia, 9 ) 
•nnuiroptcTM (Goldf.). Devonian ; Coblenz. Mould, i/i* A 8, { Choristitcs ) mosqucnsis Vern. Middle Carboni- 
ferous ; Moscow. IS, Same, Interior of ventral valve, Vi- P, Pseudodeltidium ; x, Dental plates. 

Subgenus Syringospira Kindle. Like Syringothyris , but with a striate fold 
and sinus. Upper Devonian ; New Mexico. 

Subgenus Delthyris Dalman. Small early Spirifers that are coarsely plicate 
except on the fold and sinus. Surface lamellose; the imbricating lamellae 
marked with very fine radiating striae which do not terminate in spines. 
Short dental lamellae present along with a more or less high ventral median 
septum. Resemble Spiriferina , but the shell structure is not finely and 
regularly punctate. Genotype D. elevata Dalman. Section Lamellosi-Septati 
Hall and Clarke. Silurian and Devonian ; distribution general. 

Subgenus JEospirifer, novum. Quadrate or alate early Spirifers that are 
either smooth, radially undulate, or plicate, but without plications on fold and 
sinus. Surface with additional fine, filiform, radiating striae which may be 
minutely crenulate or granulose. Dental lamellae present. Genotype Spirifer 
radiatus Sowerby. Section Badiati Hall and Clarke. Essentially Silurian 
but persisting into Lower Devonian ; distribution general. 
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Cyrtia Dalman (Fig. 623). Distinguished from Spirifer by having an 
unusually high ventral area, with its narrow delthyrium closed by a perforated 
pseudodeltidium, resulting from fused deltidial plates. 
Silurian to Devonian ; Europe and North America. 


Subfamily B. Reticulariinae Waagen. 



Fifr. 023. 

CyitLa cip'irintn (Walil- 
ptiTj.). Silurian , Gotland. 
Natural size 


Spiriferidae with a spinose surface. Spiralia probably 
as iu Trigonotretinae . Late Silurian to Permian. 

Beticularia M‘Coy. Spirifers without alations, and 
generally without radial undulations. Surface with 
imbricating lamellae that terminate in spines. Dental plates present. 
Genotype it. reticulata M c Coy. Section Fimbriati (pars) Hall and Clarke. 
Devonian to Lower Carboniferous ; widely distributed. 

Subgenus Prosserella Grabau. Small early Beticulariae with well-developed 
parallel and closely set dental lamellae. Late Silurian ; North America. 

Subgenus Squamularia Gemmellaro. Like Beticularia , but without dental 

or septal plates. Carboniferous and Permian ; widely distributed. 


Subfamily C. Martiniinae Waagen. 

Spiriferidae with a smooth surface. Spiralia probably as in the Trigonotretinae . 
Devonian to Permian. 

Ambocoelia Hall. Small, concave, or plano-convex, usually smooth Spiorifer - 
like shells. Four well-defined adductor scars near the anterior margin in the 
dorsal shell. Devonian to Carboniferous ; North America and Europe. 

Martinia M £ Coy. Short-hinged Spirifers that in general have smooth or 
concentrically marked exteriors, and rarely may be somewhat radially un- 
dulate. No dental plates or median septa. Genotype Anomites glaber Martin. 
Section Glabrati-Aseptati Hall and Clarke. Lower Carboniferous to Permian ; 
distribution general. 

Subgenus Martiniopsis Waagen. Like Martinia , but with well-developed 
diverging dental and septal plates. Permian ; India. 

Subgenus Mentzelia Quenstedt. Like Martinia , but with a prominent 
ventral median septum. Triassic ; Europe. 

Metaplasia Hall and Clarke. Smooth Spirifer - like shells, with a median 
fold on the ventral valve and a sinus on the dorsal valve. Lower Devonian ; 
North America. 

Ferneuilia Hall and Clarke. Small, smooth Spirifers, with a deep median 
sinus and two pronounced angular divergent ridges on each valve. Devonian 
to Carboniferous ; Europe. 


Family 4. Suessiidae Waagen. 

Spiriferacea with the crura directly continuous with the bases of the primary 
lamellae . Spiralia laterally directed. Jugum continuous and more or less V-shaped. 
Shell structure highly punctate. Silurian to J urassic. 

Cyiiina Davidson (Fig. 624). Cyrtia - like shells, with the dental lamellae 
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converging and united with the median septum. Silurian to Lower Carboni- 
ferous. Distribution general. 

(?) Cyrtinopsis Scupin. Like Cyrtina , but shell structure is not punctate. 
Devonian; Germany. 

Thecocyrtella Bittner. Very small, ventrally cemented, smooth-shelled 
Cyrtinae . Alpine Trias. Cyrtotlieca Bittner. Alpine Trias. 

Bittnerula Hall and Clarke. Like Thecocyrtella, but with the abbreviated 
a n a 


Fig. 624. 

-1, <'nrtitoH'hf‘teroclyta('DQfr). Devonian ; Eifel. ij x . B, Shell with 
rioibdl valvo mostly removed, showing spiralia, % (after Davidson). 

C. Cyrtina mrboruvi m M‘Coy. Lower Carboniferous ; Kendal, Ireland, 
i/l. Interior of ventral valve. The pHeudodeltidium is removed to 
show tho dental plates and median septum 

dental plates uniting with the very high median septum, forming a transverse 
platform beneath the united deltidial plates. Alpine Trias. 

Spinfeima d’Orb. (Fig. 625). Like Spirifw , but with the shell substance 
punctate, and a prominent ventral median septum. Loop simple, complete. 
Carboniferous to Jura. 

Suessia Deslongchamps. Similar to Spiriferina, but the dental plates not 
extending to the bottom of the valve. Jugum with a median process. Jura ; 
Europe. 

Family 5. Uncitidae Waagen. 

Spiriferacea with the erwa directly continuous with the bases of the primary 
lamellae . Spiralia laterally directed. Jugum as in Suesdidae. Just within the 
posterior margin of the dorsal valve are concave pouch-like plates . Deltidial plates 
united and deeply concave. Shell structure impunctate. 

Family anomalous. Devonian and Permian. 

Uncites Defrance (Fig. 626). Shells rostrate, striate, 
with the ventral beak long, frequently distorted and 
arched. No cardinal area. Deltidial plates united, 
forming a concave plate. Pouch-like plates just within 
the margins of the dorsal valve. Devonian ; Germany. 

Uncinella Waagen. Permian ; India. 

Family 6. Rhyn ohospiridae Hall and Clarke. 

Derived Spiriferacea with the bases of the primary 
lamellae situated between the spiralia and sharply recurved 
dorsally at their junction with the mira. Spiralia laterally 
dkected. Jugum usually with a single process that is odognt n ; 1/ ® pnabergi ne ® r 



Fig. 026. 
Undies grimhus 0 
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(after Davidson). 


commonly recurred, hut is sometimes bifurcated . Shells plicate and their structure 
abundantly punctate. Silurian to Permian. 

Bhynchospira Hall (Fig. 627, O', D). Rostrate, radially plicate shells with 
a short curved hinge-line; apex truncated by a circular pedicle opening. 

Dorsal hinge-plate like 
that of Trematospira. 
Spirals with from six 
to nine volutions. 
Jugum V-shaped, ex- 
panding apically and 
terminating pos- 
teriorly in an oblique 
edge. Shell structure 
punctate. Devonian 
and Lower Carboni- 
ferous ; North America 
and Europe. 

Homoeospim Hall 

and Clarke. Like the last, but differs in having a linear cardinal process 
separating the crural plates. Jugum not apically expanded, but terminating 
in an acute stem. Silurian ; North America. 

Piychospira Hall and Clarke (Fig. 627, A, B). Like Bhynchospira, but with 
a few angular plications. The jugum has a long, simple process passing 
outward between the coils to near the inner surface of the ventral valve. 
Devonian to Lower Carboniferous ; North America and Germany. 

Betzia King (Trigeria Bayle). Resembling Bhynchospira externally. The 
ventral umbonal cavity has a split tube. The single process of the jugum 
terminally forked. This genus formerly contained all shells having a retzioid 
exterior. At present, however, but a single species is admitted. Devonian ; 
Europe. A 

Hustedia Hall and Clarke. Externally like Ewnetria, 
but with coarse plications, and internally with a split 
tube, as in Betzia. Spirals and jugum similar to those 
of Ewnetria, but with fimbria and spinules respectively. 

Upper Carboniferous and Permian; America, Europe, 

India and China. 

Trmatospka Hall. Transverse Rhynchospirae . Silu- 
rian and Devonian ; North America. 

ParogyflraHallandClarke (Fig. 628). Like Trematospira , 
but with the fine, simple ribs covered with very delicate, 
shorty hair-like spines. Devonian ; North America. 

Ewnetria Hall. Elongate terebratuliform shells with 
numerous fine radiating striae. Hinge -line short. 

Dorsal hinge-plate very complicated. Jugum similar 
to that of Retzia, but the terminally bifurcated process 
is extended backward at an abrupt angle, and termi- 
nates just in front of the apices of the primary lamellae. 

Shell structure punctate. Lower Carboniferous ; North 
America and Europe. 

Aca/rnbona White. Carboniferous ; North America. 



Pig. 028 . 


Ptvraeygti hirmta (Hall) 
Devonian ; Louisville, Ken- 
tucky. J, Shell of the natural 
size. B, Same with dorsal 
valve partly broken open, 
showing spiral io. </, hmge- 
line of ventral valve, enlarged 
after Hall). * 


GLASS II 


BRACHIOPODA 


415 


Family 7. Meristellidae Hall and Clarke. 

Derived Spiriferacea , with the bases of the primary lamellae situated between the 
spiralia and sharply returned dorsally at their junction with the crura . Spiralia 
laterally directed. The jugum has a single process that may remain simple or may 
bifurcate ; the bifurcations , however , do not enter between the lamellae of the spiralia, 
but recurve and join the jugal process near their origin . Shell usually smooth , but 
sometimes finely hirsute , and the structure impnndate. Late Ordovician to 
Devonian. 

Subfamily A. Hindellinae Schuckert. 


Primitive Meristellidae in which the jugum has a single process that is usually 
simple and rarely is sharply recurved terminally. 

JBindella Davidson. Ovate or elongatej sub-equally convex, smooth, 
meristelloid shells. The V-shaped jugum has a short, acute process. A 
dorsal median septum present. Late Ordovician ; North America. Sub- 
genus Gh'eenjieldia Grabau. Has no median dorsal septum. Late Silurian; 
North America. 


Whitfieldia Hall and Clarke. Externally sometimes like Eindella , but 


usually the shells have a fold and sinus, 
the spirals have more volutions, and the 
jugal process is longer and curved. 
Genotype W. nitida H. and C. Silurian 
and Lower Devonian ; North America 
and Europe. 

Hyattidina , nom. nov. ( Hyattella Hall 
and Clarke, non F6r. 1821). Similar 
to Hindella, but compactly sub-penta- 
hedral, and without the dorsal median 
septum. Late Ordovician and early 
Silurian; North America. 


A B 



Fin. C29. 


Nudrvipuu pibumi (Sow ). Silurian ; Wenlock, 
England. -1, Interior of dorsal valve, B, Vertical 
section through both valves, «y 2 (after Davidson). 


Nucleospira Hall (Fig. 629). Sub-circular, biconvex shells with numerous 


fine, short spinules. Jugum with a long, straight, simple process. Silurian 


to Lower Carboniferous ; North America and Europe. 


Subfamily B. Meristellinae Waagen. 

Specialised Meristellidae , in which the jugal process bifurcates and may remain 
so or may continue to grow , forming two loops as in the handles of scissors. 

Meristina Hall ( Whitfieldia Davidson) (Fig. 630). Biconvex, smooth- 
shelled. Jugal stem with a short bifurcation. Silurian; North America 
and Europe. 

Glassina Hall and Clarke. Like Meristina , but with the bifurcations of 
the jugum originating directly from its apex. Silurian ; England. 

Meristella Hall. Externally like Merista , but without spondylia. Apex 
of jugum with two annular processes. Devonian ; North and South America 
and Europe. 

Meristospira Grabau. Like Meristella , but with strong dental lamellae. 
Hinge-plate perforated by a visceral foramen and the dorsal septum not united 
with the hinge-plate. Late Silurian ; North America. 
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Charioiiella Billings. Similar to the last, but with a greatly modified 
hinge-plate. Devonian; North America. 

Pentagons Cozzens (Goniocoelia Hall). Meristellids with a broad, angular, 


a j\ c 



Fin. 080. 

Mci wtina tuiiuOo (Dalm.). Silurian ; Gotland. -I, Shell of the natural size. B, Interior of ventral \alvo. 
C, Hinge-line and median septum of dorsal valve 


sharply limited, ventral sinus and abrupt lateral slopes. Dorsal valve with 
a wide, rounded fold, divided by a narrow sinus and umbo-la terally with two 
short flanges. Devonian; North America. 

Merista Suess ( Camarium Hall) (Fig. 631). Like Meristella , but with a 
spondylium. Silurian (?) and Devonian ; Europe and North America. 


A B C D 



Fig. 631. 


Merista hnculm ^(Barrande). Devonian (F2) ; Konieprus, Bohemia. A, External aspect of ventral valve, 
broken avray near the apex so as to show the “shoe-lifter process,” Vi* A Fractured shell showing median 
(SierDa^Sf destroyed (after Barrande )- c > A Frontal and lateral views of spiralia, slightly enlarged 


Dicamara Hall and Clarke. Meristellids with a spondylium (“ shoe-lifter 
process ”) and brachidium. Devonian ; Europe. 

Dioristella Bittner. Similar to Meristella . Alpine Trias. 

Oamarospira Hall and Clarke. Like Meristella , but with a small spon- 
dylium supported by a median septum, to which is attached only the pedicle 
muscle. Devonian ; North America. 


Family 8. Coelospiridae Hall and Clarke. 

Specialised Spiriferacea , with the primary lamellae as in the Meristellidae ; the 
jugum has a single process which may remain simple and free, or articulate \n a 
ventral septal socket . Shells plicate , often lamellose , and the structure impmdate 
Silurian and Devonian. 

Anoplotheca Sandb. (. Bifida Davidson). Concavo-convex small shells with 
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few plications, crossed by fine, often imbricating growth lines. Jugnm 
originating near the mid-length of the primary lamellae, uniting and forming 
a simple upright stem articulating in a cavity in the ventral valve. Dorsal 
valve with a high median septum. Devonian ; Germany and France. 

Coelospira Hall. Shells externally much like Atrypina , but with laterally 
directed spirals. Jugum similar to that of Anoplotheca. Silurian and 
Devonian ; America and Europe. Subgenus : Leptocoelia Hall. Larger shells 
with coarser plications. Silurian and Devonian ; widely distributed. 

Anabaia Clarke. Similar to Coelospira , but with a highly convex dorsal 
valve. Silurian ; Brazil and North America. 

Vitulina Hall. Like Coelospira , but with few plications and a long 
hinge-line. Plications covered with fine radiating lines or rows of pustules. 
Devonian ; America and South Africa. 

Family 9. Athyridae Phillips. 

Specialised Spiriferacea, with the bases of the primary lamellae situated between 
the spiralia and sharply recurved dorsally at their junction with the crura. Spiralia 
laterally directed. Jugum complete , V-shaped , with the apex drawn out into a simple 
process which bifurcates ; this elongates and enters more or less extensively between the 
lamellae of the spiralia. Shells smooth, lamellose , or spinose ; structure impundate. 
Devonian to Triassic. 


Subfamily A. Athyrinae Waagen. 


Primitive Athyridae , in which the single process of the jugum bifurcates. The 
branches usually terminate between the first and second volutions of the spiralia. 
Shells lamellose or spinose. 



Fig. 632. 


Atliyris concentrica (von Biu*h). A, Shell with dorsal \alve partly removed. £, Intenor of dorsal valve, 
i/j, 0, D, Frontal and lateial aspect of spiralia (alter Davidson). 


Athyris M‘Coy ( Cleiothyris Phillips, non King; Spirigera d’Orb. ; Euthyris 
Quenstedt) (Fig. 632). 

Sub-equally biconvex shells with concentric growth lines extended into 
lamellae. Ventral umbo not prominent, incurved, usually concealing the 
pedicle opening and deltidial plates. Teeth supported by dental lamellae. 
Hinge-plate of the dorsal valve perforated by a “ visceral foramen.” The 
peculiar jugum of this genus is illustrated in Fig. 632, C , D. Devonian and 
Carboniferous ; distribution general. 

Anathyris von Peetz. Athyrids with straight hinge-lines and a hidden 
ventral area. Devonian ; Europe. 
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Actinoconchus M c Coy. Athyrids with very wide, radially striate, concentric 
lamellae. Carboniferous ; Europe. 

Cleiothyndina Buckman ( Oleiothyris King, non Phillips). Athyrids with con- 
centric rows of flat spinules. Carboniferous and Permian ; distribution 
general. 

Qomposita Bronn (Seminula Hall and Clarke, non M £ Coy). Genotype Spirifer 
ambiguus Sowerby. Smooth-shelled Athyrids. Dorsal hinge-plate very pro- 
minent. Carboniferous ; distribution general. 

Comelicania Freeh. Large, decidedly alate Athyrids with angulated sinuses 
in both valves. Alpine Upper Permian. 

Janiceps Freeh. Small, sharply triangular Athyrids with angulated sinuses 
in both valves. Alpine Upper Permian. 

Spirigerella Waagen. Permian ; South America and India. 

Amphitomella Bittner. Smooth - shelled 
Athyrids with a double cardinal process and 
median septa in each valve. Alpine Trias. 

Tetradinella Bittner (Plicigera Bittner) 
(Fig. 633). Athyrids with four correspond- 
ing ribs on each valve. Alpine Trias. Sub- 
Flt , G33 genus : Stolzenburgiella Bittner. Alpine Trias. 

Trtractl nclta. triijonellii (Schlotheim). Bittner. Athyrids with five 

Mnsciieikaiit ; Becoaro, Italy, i/i corresponding nbs on each valve. Occurs in 

the Alpine Trias. 

Anomactinella Bittner. Athyrids with a number of angular alternating 
ribs towards the anterior margins. Alpine Trias. 

Pomatospirella Bittner. Small smooth shells having the contour of JDayia 
or Cyclospira. Alpine Trias. 



Subfamily B. Diplospirellinae Scliuchert ' 

Specialised Athyridae ( out of the Athyrinae ), with the jugal bifurcations very 
long, lying between the volutions of the spimlia , and continuing with these to their 
outer ends . Sometimes there is an additional jugal process which articulates with the 
ventral valve , or recurves and joins the jugum . Devonian to Triassic. 

ICayseria Davidson. Lenticular, plicated shells with a median plicated 
sinus on both valves. Jugum with a ventral articulating process and the 
bifurcations continued between the spiral ribbons to their outer ends. 
Devonian j Germany. 

Diplospirella Bittner. Athyrids with the jugal processes coextensive 
with the principal spiral coils. Alpine Trias. 

Pexidella Bittner. Athyrids differing from Diplospirella in that the 
jugum is much reduced and situated t in the umbonal region. Yalves much 
thickened in the apical region. Alpine Trias. 

Euractinella Bittner. Diplospirellids with short corresponding ribs. 
Alpine Trias. Didymospira. Salomon. Alpine Trias. 

Anisactinella Bittner. Diplospirellids with alternating ribs. The 

secondary spiral coils give off a process which returns and ioins the iueum 
Alpine Trias. J 6 
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Subfamily C. Koninckininae Waagen. 

Highly specialised Athyridae with jugim and spiv alia essentially as in Diplo- 
spirellinae. The spiralia, however , are not laterally directed as in the former group , 
but point ventrally , this being due to the concave form of the dorsal valve . Trias sic 
and Jurassic. 


Konincldna Suess (Fig. 634). Shell sub-orbicular, concavo-convex, smooth, 
with a straight hinge-line, or strophomenoid in external appearance. Car- 
dinal area obsolete at maturity. The accessory spirals take their origin 


n a 



Fin. 634. 


Koninckina Iconhardi (Wissm.). Upper 
Trias ; Sb. Cassian, Tyrol, A, Shell show- 
ing spiralia, enlarged. B, Ventral and 
dorsal aspects, i/i- 




Fio. 035. 

Amphiclim, with re- 
stored braclndia (after 
Bittner). 


B 



Fig. G36. 


Thecospira Tiaidmgen (Suess). 
Bhaetic ; Starhemberg, Austria 
A, Ventral valve, %. B, C , 
Brachidia, enlarged (after Zug- 
meyer). 


from the upper surface of the jugum, and are coextensive with the primary 
spirals. Trias ; Europe. 

Amphiclina Laube (Fig. 635). Like Koninckina , but sub-trigonal in ou.tr 
line, and with well-developed cardinal area and deltidial plates. Trias and 
Jura ; Europe. 

Koninckella Munier-Chalmas. Similar to Amphiclina , but with well- 
developed cardinal process, Trias and Jura ; Europe. 

Amphiclinodonta Bittner. Like Amphiclina , but with interlocking denti- 
culate ridges and tubercles within the margins of the valves. Alpine Trias. 

Koninckodonta Bittner. Like Koninckina , but with prominent cardinal 
areas and a row of sub-marginal thickened tubercles on the interior of the 
ventral valve, which interlock with similar callosities on the dorsal valve. 
Alpine Trias. 

Thecospira Zugmeyer (Fig. 636). Ventrally cemented Koninckininae with 
well-developed cardinal area and cardinal process. Alpine Trias. 


Range and Distribution of the Brachiopoda. 

Owing to their great abundance, world-wide distribution and remote 
antiquity, as well as their excellent state of preservation, Brachiopods occupy 
a very conspicuous rank among extinct Invertebrates, and furnish us besides 
with a large number of important stratigraphic index fossils. The composi- 
tion of their shells, usually of calcite, enables them to resist the destructive 
action of the fossilisation process more successfully than the shells of Mollusks, 
many of which are composed wholly or in part of aragonite. Their value 
as index fossils, however, is somewhat lessened owing to the difficulty of 
identifying numerous genera, without a knowledge of their internal structure, 
and this is often difficult to ascertain. 
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Three of the four orders into which the class is divided are represented in 
the lowest Cambrian, or Olenellus zone, indicating that Brachiopods had their 
origin in pre-Cambrian times, In the Lower and Middle Cambrian, the 
Atremata and Neotremata predominate : and although the Protremata are known 
in the Lower Cambrian by very typical species, it is not until the Upper 
Cambrian that the order becomes conspicuous. They are particularly char- 
acteristic of the Paleozoic. The Tdotremata do not appear until the Middle 
Ordovician and since Silurian times have always been prolific, but are 
especially characteristic since early Mesozoic times. 

In the Lower Cambrian (Olenellus beds), 22 genera of Brachiopods are 
represented, occurring both in North America and in Europe. A marked 
increase is apparent in the Middle Cambrian, for here Walcott records 37 
genera, and in the Ordovician and Silurian, where the climax of their diversity 
is reached, upwards of 3000 species are known. These are distributed chiefly 
in North America and in Europe (Great Britain, Scandinavia, Bohemia, 
Russia and Portugal) ; but numerous forms are also found in South America, 
Australia, China and eastern Siberia. 

In the Devonian, Brachiopods are scarcely less plentiful than in the Silurian, 
although a considerable number of genera, especially those belonging to the 
Atremata and Neotremata, have now disappeared. The most noted European 
localities where Brachiopods abound are the Eifel, Rhineland, Westphalia, the 
Hartz, Belgium, Devonshire, Boulogne-sur-Mer, Cabri&res in the Cevennes, 
the Asturias and the Urals. North America also yields great quantities of 
Devonian Brachiopods. / 

The Carboniferous of North America and ^equivalent horizons in Europe 
and Eastern Asia, together with the Permian of the Mediterranean countries, 
India and Armenia, are very rich in Brachiopod remains, especially those 
belonging to the Produdidae, Strophmenidae, Spiriferidae and Bhynchonellidae. 

In the North European Permian, the number of species of Brachiopods is 
reduced to about 30, 'out in the Salt Range of India far greater numbers 
occur. In the Alpine Trias, the Terebratdidae, Bhynchonellidae and Koninck- 
ininae attain a great development. 

The Jurassic and Cretaceous Brachiopods belong almost exclusively to 
the Terebratulidae, Bhynchonellidae and Thecidiidae ; the first two families in 
particular being represented by an astonishing number of species. The 
Spiriferacea become extinct in the Lias. 

With the beginning of the Cenozoic era, Brachiopods are no longer a con- 
spicuous group of fossils. The species occurring in the Tertiary are almost 
without exception generically identical with those now living, and scarcely 
exceed them in number. On this account they are devoid of practical interest 
or importance to the geologist. 



Phylum VL MOLLUSCA 1 

(Mdacom Blainville ; Saccata Hyatt.) 

The MollQsca form a well-characterised, and, on the whole, remarhably 
homogeneous group of Invertebrates, which have existed since the earliest 
recognised advent of life upon the globe. Their progressive modifications 
afford us a most important guide to the successive stages of the evolution of 
organic life as preserved in the various geological horizons. 

The Mollusca are characterised as a group by passing through a Trocho- 

1 Literature : Adams, H. and .4., The Genera of Recent Mollusca, 2 vole. London, 1858-58.— 
Philippi, R. A,, Handhuch der Conchyliologie. Halle, 1853, — Kefmtein, TT., Die Malaeozoa. 
fironn’a Classen und Ordnungen des Thierreichs, vol. in., 1862-66.— Trycm, 6 IF., and PMry, 
II. A., Manual of Conchology, 16 vole. Philadelphia, 1879-96.— Fischer, P., Manuel de Con- 
chyhologie et de Paleontologie conchyliologique, 1880-87. — Woodward, S. P., Manual of the 
Mollusca. 4th Edition, with Appendix by R. Tate, 1880.— Tryon, 0. IT., Structural and Syste- 
matic Conchology, 8 vols. Philadelphia, 1882-84 — Ihenng , 77. ww, Le Systems nature! des 
Mollusques. Bull. Sd France, 1891, vol. xxiii ,—Pdsmer, P„ Introduction & l'etude des 
Mollusques. Brussels, 1894. 

Sweaty, J., Mineral Conchology of Great Britain, 7 vols. London, 1812-80.— RroccM, 0. B., 
Conchiologia fosslle subappenina, 2 vols. Milan, 1814 .—Deshayes, 0. P., Coquilles fossiles des 
environs de Paris, 3 vols., 1824-87.— Ooldfuss, A., Petrefacta Germanise, 1826-40.— Conrad, T. A 
Fossil Shells of the Tertiary Formations of North America (1832-38) ; and Fossils of the Medial 
Tertiary of the United States (1888-61). Reprints by G. D. Hams, 1898.— Morton, & 0., Synopsis 
of the Organic Remains of the Cretaceous Group of the United States, 1884.— Philippi, R. A., 
Enumeratio Molluscomm Sicilme, 2 vols , 1886-44.— Qraldmp, J. P. &, Catalogue zoologique du 
Bassm de Gironde. Bordeaux, 1888-40.— Fall, J., Palaeontology of New York, vols. L-viii. 
Albany, 1847-95.— Wood, 8 ., Monograph of the Crag Mollusca. Paloeont Soc., 1848-56, vols. i., 
iL—Shiulberger, 0. and F., Die Verstemerungen des rhemischen Schiohtensystems m Nassau, 
1850-56. — J/orri* and Lycett, Monograph of the Mollusca of the Great Oolite. Paloeont. Soc., 
1850-68.— M'Ooy, F., British Palaeozoic Fossils. London, 1851-55.— Pictet, F. J., and Oampidu, 
(/,, Description des fossiles du terrain cretaci de Somte-Croix. Paleont. Suisse, ser. 5, vols. L-iv., 
1858-72.— Qumtedi, F. A ., Der Jura. Tubmgen, WSS.—8andberger, F., Die Conehyben des 
MarazeT Beokens. Wiesbaden, 1860-68. — Deshayes, 0. P., Description des anlmaux sans vertebras 
dicouverts dans le Bassin de Paris, 5 vols. Paris, 1860-60.— Lornd, P. de, Monographs of the 
Fauna of the Upper Jura of Switzerland, Hante-Marae, Yonne, Boulogne-sur-Mer, Valfin, Tonnerre ; 
of the Neocomion of Mt. Salive ; the Urgonian of Londeron ; the Gault of Coene, etc., 1861-75.— 
Oussmnn, M., Essais do palioconehologie compares. Paris, 1895.— OdFb, IT. M,, Palaeontology of 
California, vols. L and it, 1864, 1869.— idem, Topography and Geology of Santo Domingo. Trims. 
Am. Phil Soc., 1878, voL xv.- Geinita, E. B., Die Dyas. Leipzic, 1864.— Emiusk, L. 0. de, 
Fauno du calcaira earbonltere de la Belgique. Ann. Mus. d’Hlst. Nat Belg., 1886, vol. vl— IPCoy, 
F, Synopsis of the Characters of the Carboniferous Limestone Fossils of Ireland, 1862.— Mrik, 
F. B., Report on the Invertebrate Cretaceous and Tertiary Foseils of the Upper Missouri Country. 
U.S. Geol. Snrv. Terr., 1876, vol. ix.—Waagen, 17., Salt Range Fossils. Mem. GeoL Surv. Indio. 
Paloeont Indica, ser. 18, 1880-87. — White, O. A., Non-marine fossil Mollusoa of North America. 
3rd Ann. Kept U.S. Geol Survey, 1888.— Walcott, O, D., Fauna of the Lower Cambrian or 
Olendlus Zone. 10th Ann. Rept U.S. Geol. Surv., 1890 —]Vhidbome, 0. F., Monograph of the 
Devonian Fauna of the South of England. Polaeontogr. Soc., 1889-1907. — Afeeft, F. B., and 
Worthm, A. H., Palaeontology of Illinois, 1866-75, vols. L-vL 
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sphere and a Yeliger larval stage ; by possessing bilaterally symmetrical, 
unsegmented bodies ; a larval shell gland, from which a harder exoskeleton 
or shell is secreted, though not always permanently retained ; a mouth, 
intestinal canal and anus ; a closed, but partly la cunary circulation, assisted 
by a heart with one or more auricles, and containing a usually colourless 
body fluid or haemolymph ; a nervous system with at least three pairs of 
ganglia connected by commissures ; sexual reproduction by ova and sper- 
matozoa ; audit ion and equilibration provided for by otocysts; respiration 
by ctenidial or secondary gills, or by the tegumentary surface, which may be 
invaginated to form a pulmonary sac ; locomotion by a muscular organ called 
the foot, or by special parapodial structures, or by swimming; the organs 
typically paired, and protected by a sac-like integument called the mantle ; 
and the visceral sac having a tendency toward torsion, so as to become usually 
asymmetrical. Sexually Mollusks are usually dioecious ; or, if monoecious, 
are incapable of self-fertilisation. 

Owing to the homogeneity of the group, its division into classes has been 
attended with some differences of opinion, depending upon the point of view, 
the anatomist laying more stress upon certain groups of characters, and the 
morphologist upon others. From a general standpoint, the Mollusca are 
readily divisible into five c lasses, as follows : Pelecypods, Scaphopods, 
Amphineura, Gastropods and Cephalopoda. The first of these is well marked 
off from the rest by the presence of a bivalved shell and the absence of a 
distinct head and of a radula, and the two groups have been contrasted as 
Aglossa (or Lipocephala) and Glossophora (or Cephalophora). 


Class 1. PELECYPODA Goldfuss. 1 

(Lamllibranchiata Blainville ; Conchifera Lamarck ; Bivalvia (Bonanni) Linnd ; 

Lipocephala Lankester.) 

Aquatic , bilaterally symmetrical , acephalous Mollusks, protected by a pair of 
shdly valves , which are secreted by the lateral portions of the mantle , connected by an 

1 Literature : Neumayr, M., Zur Morphologie des Bivalvenschlosses. Sitzungsbor. Akad. 
Wiss. Wien, 1883, vol. lxxxiii., and Denkschr. 1891, voL lviii. — Ueber die Herkunft der Uniomden. 
Sitzungsber. Akad. Wiss. 1889, vol. xcviii. — Beitrage zu einer morphologischen Eintheilung der 
Bivalven ; mit Vorwort von E. Suess. Denkschr. Akad. Wiss. Wien, 1891, vol. lviii. — White, 
C> A., Review of tbe fossil Ostreidae of North America, 4th Ann. Report U.S. Geol. Survey 
(1883), 1884. — Jackson, R. T., Phytogeny of the Pelecypoda. The Aviculidae and their Allies. 
Mem. Boston Soc. Nat. Hist., 1890, vol, iv. no. 8. — M&iSgaux, A., Recherches sur la circulation 
des Lamellibranches marines, 1890. — Hyatt, A., Remarks on the Pinnidae, Proc. Boston Soc. 
Nat. Hist., 1892, vol. xxv. — Moynier de Villepoix, R., Recherches .sur la formation et l’accroisse- 
ment de la coquille des mollusques, 1893. — Bernard, F., Serie de notes sur le developpement et la 
morphologie de la coquille chez les Lamellibranches. Bull. Soc. Geol. Prance [3], 1895-97, vols. 
xxiiL-xxv. — Ball, W. H., Anew Glassification of the Pelecypoda. Trans. Wagner Inst. Sci. Phila- 
delphia, 1895, vol. iii. pt. 3. Also Proc. U.S. Nat. Mus., 1895, vol. xvii. no. 1032. — Hyatt, A . 
Terminology proposed for the Description of the Shell in Pelecypoda. Proc. Am. Assoc. Adv. 
Sci., 1S95, vol. xliv. — Fischei\ H., Resume des travaux de M. F, Bernard sur le developpement 
de la coquille des Pelecypodes. Joura. de Conch., 1897, vol. xlv., no. 4. — March, M. C., General 
Classification of the Pelecypoda. Ann. Mag. Nat. Hist., [8] 1912, vol. x. 

A. On Paleozoic Forms : Barrande, J., Systeme Silurien du centre de la Boheme. Ac4phales, 
i.-iv., 1882. — Beede, J \ W., Carboniferous Invertebrates. Kansas Univ. Geol. Surv., 1900, vol. vi. 
— Clarke J . M., Naples Fauna in western New York. Mem. N.Y. State Mus., vi., 1900. — Hall, J., 
Geol. Surv. New York. Palaeont., vol. v., 1884-85.— Idem, Whitfield, R. i\, Meek, F, B,, and 
Ulrich, H. O., Description of Palaeozoic Fossils. Palaeont. Ohio, 1873-75, vols. i., ii., and Geol. 
Ohio, 1893, vol. vii. — Hind, W., Monograph of the British Carboniferous Lamellibranchiata. 
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elastic ligament, and dosed by the contraction of muscles attached to the inner faces of 
the valves ; feeding by ciliary action and destitute of a radula or jaw ; breathing by 
lateral giUyf imperfectly sensible to light and rarely provided with peripheral visual 
organs^f possessing olfactory organs ( osphradia ), auditory and equilibrating organs 
(otocysts), tactile papillae , and a net vous system composed of ganglia united by nerves , 
but without a pedovisceral commissure ; provided with an extensile, tactile or loco- 
motor organ (foot ) ; a circulatorfysystem containing haem olymph, and operated by a 
single or paired cardial ventricle and two auricles ; a more or less convoluted intestinal 
canal, with its oral and anal extremities at opposite ends of the body ; a stomach ; 
paired nephridia, connected with 'the pericardium, and discharging independently of 
the rectum ; reproducing without cop ulation, by ova and spermatozoa ; monoecious or 
dioecious ; development external to the ovary ; the post-larval stage protected by a 
prodissoconch, and sometimes exhibiting special nepionic stages. 

External Characters. The Shell . — The embryonic Pelecypod is provided 

L\alaeont. Soc., 1896-1905. — Ulrich , E. 0., Lower Silurian Lamellibranchiata of Minnesota. Eept. 
Geol. Surv. Mum., 1897, vol. iii. 

B. On Mesozoic Forms Benccke, E. TP., Die Veistemerungen der Eisenerzformation von 
Deutscli - Lntlmngen nnd Luxemburg. Abli. Geol. Spezialkarte Elsass - Lothring., 1905, n.s., 
vol. v. — Bittner , A ., Revision der Lamellibranolnaten von St. Cassian. Abb. Geol. Reichsanst. 
Wien, 1895, vol. xviii. — Bohm , CL, Die Bivalven der Stramberger Sehichten. Palaont. Mittlieil. 
Mus. Bayer. Staates, 1883, vol. ii. — Borrissycik , A., Die Pelecypoden der Jura-Ablagerungen im 
europaisclien Russlaud. Mem. du cours geol., nouv. ser. , 1904-9 . — Broili , F., Die Fauna der 
Pauli ycardientuffe der Seiser Alp. Palaeontogr., 1903-7, vols. 1., liv.— Coqucuul, TV., Monographic 
du genre Ostrea des terrains cretaces, 1869 — Healey , M., Tlie Fauna of the Napenmg beds 
(Rhaetic) of Upper Burma. Palaeont. Indica, 1908, n.s., vol. ii., no. 4. — Hulzapfel , E., Die 
Mollusken der Aachener Kreide. Palaeontogr., 1887, vol. xxxiv. — ICit chin, F. L., The Jurassic 
Fauna of Cutch. Lamellibranclnata. Palaeont. Indica, 1903, ser. ix., vol. in., pt. 2. — Laube , G., 
Die Fauna von St. Cassian. Denkschr. Akad. Wiss. Wien, 1866, vol. xxv. — Pavlow, A., Enchaine- 
ments des Aucelles et Aucellmes du Crutace Russe. Nouv. Mem. Soc. Imper. Nat. Moscou, 1009, 
vol. xvii. — Pompeckj, J. F., Uber Aucellen und Aucellen - ahnliche Formen. Neues Jahrb. f. 
Mm., 1901, Supplem. vol xiV. — Quarts, A., Beitrag zur Kenntniss der Fauna der obersten 
Kreidebildung m der Lybischen Wuste. Palaeontogr., 1902, vol. xxx. pt. 2 — StolkUca, F., 
Cretaceous Fauna of Southern India. The Pelecypoda. Mem. Geol. Surv. East India, 1871, vol. 
iii. — Waagm, L., Die Lamellibranchiaten der Pachycardientutfe der Seiser Alp. Abh. Geol. 
Reichsanst. Wien, 1907, vol. xviii. pt. 2. — Wood , H., Monograph of the Cretaceous Lamelli- 
branchiata of England. Palaeont. Soc., 1899, vol. liii .—Zittcl, K. A. von, Die Bivalven der 
Gosaugebilde. Denkschr. Akad. Wiss. Wien, 1865-66, vol. xxv. 

C. On Tertiary Forms : Androussov, iV., Fossile nnd lebende Dreissensidae Eurasiens. Trav. 
Soc. Imp. Sci. Nat. St-Pctersb., sect, gi 5 ol., 1897, 1903, vols. xx., xxix. — Arnold, R., The 
Tertiary and Quaternary Pectens of California. U.S. Geol. Surv. Profess. Papers, no. 47, 1906. — 
Bcllardi, L., and Sacco, F., I Molluschi terziari del Piemonte e della Liguria. Torino, 1872-1901. — 
Oossinrmn, M . , Catalogue illustre des coquilles fossiles de P^ocene des environs de Paris. Fasc. 
Ann. Soc. Malacol. de Belgique, 1888-89, vols. xxiii., xxiv. — Idem, and Pissaro ,, G., Iconographie 
complete des coquilles fossiles de I’^ocune des environs de Paris. Fasc. 1, Pulecypodes, 1904. — 
Ball, W. H., Contributions to the Tertiary Fauna of Florida, i.-vi. Trans. Wagner Inst. Sci., 
1890-1903, vol. in. — BepSret, O., and Roman, F., Monographie des Pectinides nuogunesde l’Europe 
et des regions voisiues. Mem. Soc. Geol. France, 1902, vol. x. — Fontannes, F., Les Mollusques 
pliocenes de la Vallue de Rhone et du Roussillon. Lyons, 1879-83. — Gregorio, A., Monographie 
de la faune eocenique de 1’ Alabama. Palermo, 1890. — Harris, G. D. , Bull Amer. Palaeont., 
1895-97, vols. i.-iv. — Eoernes , M., Die fossilen Mollusken des Tertiarbeckens von Wien.. Abhandl. 
Geol Reichsanst. Wien, 1870, vol. iv. — ICoenen, A. von, Das norddeutsche Unter-Oligocan und 
seine Mollusken- Fauna. Abhandl. Geol. Spezialkarte Preussen, 1889-93, vol. x. — Oppenhdm, 
P., Zur Kenntnis alttertiarer Faunen in Xgypten. Palaeontogr., 1903-6, vol. xxx. pt. 3. — 
Ortmann, A. E., Families and Genera of the Najades. Ann. Carnegie Mus., 1912,. vol. viii. no. 
x. — Sandberger, F., Die 1 Conchylien des Mamzer Beckens, 1860-63. — Idem, Die .Land- und 
Sitsswasser - Conchylien der Vorwelt. Wiesbaden, 1875. — Schaffer , F. X., Die Bivalven der 
Miociinbildungen von Eggenburg. Abh. Geol. Reichsanst. Wien, 1910, vol. xxii. — Simpson, p. J., 
Synopsis of the Naiades or Pearly Fresh- water Mussels. Proc. U.S. Nat. Mus., 1900, vol. xxii., no. 
1205. — Ugolini, R., Monografia dei Pettinidi neogenici della Sardegna. Palaeont. Ital. 1906-7, 
vols. xii., xiii. — Wood, S., Monograph of the Eocene Bivalves of England. Palaeontogr. Soc., 
1861-71. 
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with a saddle-shaped, single shell gland, which secretes a pellicle of the same 
form, upon which, at two points corresponding to the valves, calcification sets 
in independently. These rudiments remain con- 
nected across the 'dorsum for a time, by the un cal- 
cified portion of the original pellicle, which develops 
into the ligament of the adult. The paired em- 
bryonic shell, corresponding to the protoconch of 
Cephalopoda, has been named by Jackson the pro- 
dissoconch (Figs. 637, 638). In general these valves 
fig. G3r. are very uniform in character, as seen on the tips 

ostrra virginiana. Completed of the uneroded valves in the adult. They are 

prodissoconch sta^e, viewed from ,, , i 

the anterior end (A), and from usually rounded or slightly pointed at the umbonal 

(after Jackson)? 61 Slde 87/l enc *> an d ^ ave * n earliest stages a straight, 

rather long hinge line. In Solemya the prodissoconch 
is elongate, rounded at the ends, with the ventral and dorsal margins nearly 
parallel, much as in the adult shell. In Pinna the prodissoconch is globular, 
as in most bivalves. In Unio, Anodon and Philobrya , a second or nepionic 




Fig. G3S. 



- ^ sterna. Young specimen, viewed from the left (a) and light (b) sides, the latter showing byssal 

fi * - f r ca Veiy young, showing prodissoconch (p). succeeded by early dissoconch growth. 

**/i (alter Jackson). 


stage is traceable, owing to a semi-parasitic habit of the young, which leave 
the mother and become encysted on the fins or gills of fishes ; during this 
period the shell remains stationary, though some development of the contained 
soft parts is in progress. 

The bivalve shell reduced to its lowest terms comprises two convex pieces 
(the valves ), attached to one another dorsally (1) by an elastic ligament usually 
external to the cavity of the two valves ; and (2) by muscles and connective 
tissues which pass from the inner surface of one valve to the inner surface of 
the opposite valve. The contraction of the muscles brings the margins of the 
valves into close contact, thereby forming a hollow receptacle in which the 
soft parts of the animal are enclosed, and from which all obnoxious foreign 
matters may be excluded. The elasticity of the ligament, acting on the 
principle of the C-spring, tends to separate the valves when the tension of 
the internal adductor muscles is relaxed. The extension of the substance 
of the valve is secreted by marginal glands around the edge of the investing 
tissue or mantle, and is subsequently reinforced by material supplied by 
secretion from the general surface of the mantle. As the animal grows and 
the original prodissoconch becomes too small to cover the soft parts, the valves 
are enlarged around the margins, so that each of them represents, fundament- 
ally,^ a hollow cone. Since growth progresses more rapidly along some 
portions of the mantle than at others, the cones necessarily become oblique, 
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arched or cycloidally curved. The apex of the cone is formed by the beak 
or umbo of the valve, the base is the entire margin of the valve. 

The shell of most Pelecypods is composed of several layers of distinct 
structure. The external layer is usually thin, flexible and dark-coloured, 
chiefly composed of a horny substance termed conchiolin. This layer is 
known as the epidermis, or more properly the periostracum ; it is not easily 
corroded, and hence serves as a protection to the underlying calcareous 
layers. The outer calcareous layer is composed of prisms of calcite arranged 
more or less perpendicular to the external surface * the inner layer is made 


up of thin, more or less parallel lamellae of porcellanous or pearly texture, 
disposed at right angles to the general direction of the prismatic layer, 
and exhibiting the mineralogical characters of aragonite (Fig. 639). Besides 
the lamellar or prismatic — — 

structure, many forms show 
under the microscope 
minute, sometimes branched 


tubulation. 

The variations in shell 
substance are somewhat 
characteristic of different 
groups. The prisms differ 



greatly in size, the larger Vertical section ol the shell of Unio. e, b , a, a the outer pris- 

nrrnrrincr in hi nr Pram'll a nnrl matlc ] ^ eT ' showin S successive increments of shell growth; c, o', 
occurring in moceiamus ana fche mner Iamellar stra ta. Highly magmtled ( af t e r carpenter). 

Pimm , the smaller in the 


Anatinidae and Myacidae. The prismatic layer is wholly absent in the 
Chamidae and many other Teleodesmacea ; in the Pectinidae and Limidae 
the prismatic layer is feebly developed and often recognisable only in young 
shells. In the Pudistae the prisms run nearly parallel with the outer surface. 
As aragonite is more soluble than calcite, it frequently happens in fossil 
shells that the layers composed of the former mineral have entirely dis- 
appeared, leaving only the calcitic layers. Pearls are merely loose portions 
of the inner layer secreted by the mantle surface, usually around foreign 
bodies which have reached the interior of the shell and set up irritation there. 

In the majority of Pelecypods the valves form a nearly complete defence ; 
in borers, burrowers and a few degenerate types, the valves cover less and 
less surface in proportion to that which is bare; in a few the mantle is re- 
flected so as to envelop more or less of the outer surface of the valves ; ' and 
finally, in Chlamydoconcha, the valves are permanently internal, separately 
encysted, with the ligament isolated and encysted between them. No 
example is known of a Pelecypod absolutely destitute of valves in the adult 


state. 


The valves of the shell are in general substantially equal ; but sometimes 
they are unequal, especially in sessile or sedentary forms; and rarely they 
are spirally twisted, as in Stavelia and Spirodomus. The hinge or articulus 
comprises the whole articulating apparatus — hinge plate, teeth, ligament, etc. ; 
the primitive hinge, which is coextensive with the ligament, is distinguished 
by Hyatt as the cardo. The cardinal axis, or right line forming the axis of 
revolution of the hinge, is parallel with the antero-posterior axis oi the 
animal (as determined by a line drawn through the mouth and posterior 
adductor) in the ordinary Teleodesmacea ; but in the winged Prionodesmacea, 
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such as Ostrea, Pedalion , etc., the two axes are at a considerable angle with each 
other. 

The dental armature is usually situated on the dorsal margin, which for 
this reason is called the cardinal margin. It comprises the teeth , or project- 
ing processes and sockets, usually alternating in the single, valve, and opposite 
with respect to both valves. In the more modern and perfected types, the 
cardinal margin is reinforced by a vertical deposit of shell in the form of a 
lamina called the hinge plate, upon which the teeth are set. Above the hinge 
plate in each valve rise the beaks or umbones, which are usually curved 
toward the anterior end of the shell (prosogyrate), but are sometimes directed 
backward (opisthogyrate) or outward (spirogyrate). 

According to the ordinary terminology, the height of a Pelecypod is 
measured on a vertical line from the beaks to the ventral margin ; the length 
corresponds to the greatest distance between the margins parallel with the 
antero-posterior axis above defined ; and the thickness, or diameter, is measured 
by a line at right angles to the vertical plane descending from the cardinal 
axis (Pig. 641). When the shell is placed with the oral end anterior, the 
valves are termed right and left respectively, as viewed from above the 
articulus. The portion of the shell anterior to the beaks is usually shorter 
than that behind them, except in such forms as Donax or Nucula . 

Viewed laterally, most Pelecypod valves may be divided into regions, 
corresponding in the main to the disposition of the internal organs. The oral 
area extends from the anterior end of the cardinal line to the anterior side of 
the pedal area. The latter is often marked by a swelling of the valves, and 
sometimes by a sinus (. Pholas ) ; it extends backward to a point where the 
branchial crest, radiating from the beaks, forms the anterior boundary of the 
siphonal area . The dorsal or posterior limit of the siphonal area is marked by 
an angle in the incremental lines ; and above this, extending to the posterior 
end of the cardinal line, is the intestinal area. In the alate forms, like Pteria, 
the wings usually called anterior and posterior are really, with reference to 
the antero-posterior axis of the animal, dorsal and ventral. 

In certain borers, the siphons are greatly produced beyond the valves, and 
a calcareous tube is secreted, lining the burrow ; the valves, situated at the 
anterior end of the boring, either lie free, or are partially or wholly fused 
with the tube. In the Pholadidae the naked portions of the animal between 
the edges of the valves are often protected by additional shelly pieces, which 
are organically separate from the valves ; and some burrowers have the free 
ends of the siphons protected by leathery or calcareous shields. In the 
Teredinidae these shields are specially modified to protect the entrance of the 
burrow, and are called “pallets,” 

Ornamentation . — The external ornamentation of the valves is always a 
conspicuous character. It comprises (beside the concentric or incremental 
lines which indicate the successive additions to the shell margin, and are 
believed to coincide with resting stages during the process of growth) radial 
or concentric striae, ridges, ribs, folds, nodes, spines or foliaceous processes. 
These are supposed to arise from temporary or permanent modifications of 
the mantle margins, such as papillae, minute tentacular or proliferate 
processes. 

Above the hinge line, in archaic types, is an area often set off by an 
impressed line and called the cardinal area . In the more perfected modern 
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forms this area is commonly divided ; a heart-shaped space in front of the 
beaks, and bounded by a ridge or groove, being known as the lunule ; and a 
more elongated space extending backward from the beaks being designated the 
escutcheon . Both areas often have a special sculpture, differing from that of 
the remainder of the shell. 

Another form of ornamentation is sometimes found on the opposed inner 
margins of the valves, away from the hinge line, as in Digitaria (Fig. 756), 
or Transennella ; it probably aids in preventing a lateral displacement of the 
valves. In general, all ornamentation may be confidently ascribed to a 
dynamic origin. 

Internal Characters. Soft Parts. — The Pelecypod body is enclosed 
within two thin, partly fleshy mantle lobes, which are united or continuous 
below the cardinal margin, and open or partially united at other points on 
their periphery. Within the mantle lobes are the visceral mass including 
the internal organs, the gills or ctenidia , the foot and the palpi. When the 
mantle edges are united so as to form tubes for the entrance and discharge of 
water, such tubes are called siphons. These organs, all of which have been 
utilised in classification, will be considered separately. 

The mantle is closely applied to the surface of the valves, and is usually 
attached to them along a line near its periphery. This line is indicated by a 
co^Ltinuous scar or impression upon the inner surface of the valves, termed 
the pallial line. Outside the pallial line a portion of the margin is free and 
usually thickened. In it are contained the glands which secrete the shell, 
and also pigment glands ; it is ornamented by papillae, tentacular processes, 
etc., and is sometimes furnished with visual organs of a primitive sort. 
Certain archaic forms had no distinct pallial line, the mantle being organi- 
cally attached over a more or less irregular area. The ends of the pallial 
line are commonly continuous with the scars of the adductor muscles. 

The majority of Pelecypods have two adductor muscles , and are distinguished 
accordingly as Dimyarian, or Homomyarian ; in some the anterior muscle is 
absent or degenerate ( Monomyaria ) ; and in others an intermediate condition 
obtains (Heteromyaria or Anisomyaria). The number and position of the 
adductors was formerly accepted as a fundamental feature in classification, 
although many difficulties were presented by exceptional cases. Recent 
researches have shown that an absolute foundation for classification cannot 
be afforded by the number of adductors ; but still, if allowance be made for 
degeneration caused by inequilaterality, torsion and other causes, the general 
myarian types harmonise fairly well with the larger divisions based on the 
totality of characters. 

The visceral mass , as a rule, occupies the upper portion of the shell, 
and contains the heart, intestinal canal, generative organs, renal and other 
glands. The rectum usually lies above the posterior adductor, and dis- 
charges into the anal siphon, when present. The mouth is placed at the 
forward end of the visceral mass below the anterior adductor, and is commonly 
furnished on each side with a pair of leaf-like expansions of the integument 
called palp^ which are ciliate internally, and serve to conduct alimentary 
matter from the gills to the mouth. Palpi are seldom wanting, and their 
form and character remains fairly constant throughout a number of groups. 
The mouth itself is unarmed, and the alimentary canal is more or less bent, 
usually exhibiting a dilation which is regarded as the stomach. 
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The Foot . — From the ventral surface of the visceral mass projects an 
extensile muscular organ, known as the foot , which is capable of being pro- 
truded beyond the margins of the valves, or entirely retracted within the 
mantle lobes. The muscles serving to move this organ are inserted upon the 
shell near the adductor scars, leaving small accessory impressions. In a 
large majority of bivalves, the foot has the familiar hatchet-shape from which 
the class name is derived, but as an organ of locomotion, tactile use, and 
possibly prehension, it is modified for special uses in many forms. A few 
Pelecypods, such as Ostrea , have the foot altogether aborted, though remnants of 
its retractor muscles exist and are attached to the valves ; and in some cases 
( Pholaclomya , Halicardia) an accessory foot- like organ, or “ opisthopodium, 55 
is developed at the posterior end of the visceral mass. 

In many Pelecypods the foot is provided with a gland secreting horny 
matter which solidifies in threads after extrusion, forming a fixative tuft or 
cable called the byssus , by which the animal adheres to extraneous objects. 
Some sessile genera have the byssus more or less calcified, when it forms a 
shelly plug closing a sinus or foramen in one of the valves through which it 
passes. Many of the Pectinidae have a comb-like series of denticles ( ctenolkm ) 
on the edge of the byssal sinus, in which the byssal threads rest. In perma- 
nently sessile forms, the byssus is usually absent. 

Gills. — On either side of the visceral mass above the foot and usually 
extending from the palpi to the posterior adductors are the gills or denidia. 
In a general way the ctenidium is composed of a stem carrying a nerve and 
blood-vessel, from which on each side leaflets or slender filaments are given 
out laterally. In the more archaic types (Nucula, Yoldia , Solemya ) these gills 
are plate-like, not organically united except by the stem, though in some 
cases attaining a solidarity as a mass, by the interlocking of very large cilia, 
distributed in bands or patches on the opposed surfaces of individual plates. 

These plate -like gills are termed foliobranchiate or protobranchiate. 
According to their structure, other types of gills are intermediate between 
these and the so-called “ filibranchiate,” in which the plates are elongated and 
strap-like, and the “ reticulate,” in which the filaments are united by cross 
conduits in a net-like manner. Attempts have been made to employ the 
various types of gills as fundamental characters in classification, but experience 
has shown that they cannot be depended upon as the exclusive basis of any 
systematic arrangement. 

Siphons . — When the mantle lobes are united, two posterior openings, more 



or less tubular, are always present 
(Fig. 640). The dorsal tube, called 
the dorsal or anal siphon , serves for 
the discharge of water which has 
been inhaled through the ventral 
or branchial siphon, carried to the 


Saxicara arctica Lam. Animal with closed mantle gills, deprived of its Oxygen and 

edible particles, and then expelled. 
The anal siphon also carries effete 
matters from the rectum, and sometimes ova are discharged in the same 
way. The tubes are sometimes adherent or enclosed in the same envelope, 
and sometimes separate to their base; in general, however, a septum or 
partition exists between the two passages, thus avoiding the mixture of the 
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two currents. The siphonal septum is frequently carried forward internally, 
or supplemented by a junction of the gills in such manner as to form a 
practically continuous partition between the anal and branchial regions 
within the mantle. The siphons are always contractile, and, except in 
sedentary burrowers, usually retractile within the shell. 

The siphons, being a local modification of the mantle margin, receive their 
musculation from the same source. In general, the muscles have spread 
inward, pari passu with the increase in length of the organ to be retracted, 
and their insertion on the valve leaves an angular scar called the pallial sinus , 
which is an important aid in classification of the minor groups. It has some* 
times been assumed that the absence of this sinus was evidence of the 
asiphonate character of the species, but the example of Lucina , Cuspidaria , 
and several other siphonate forms which have no pallial sinus show that this 
is not necessarily time. Formerly, when the character of the pallial line was 



Liitmnn olhptiai Roissy Interior of left valve show- 
ing pallial line (71) ; pallial sinus (*) ; anterior (a) and pos- 
terior (if') adductor scars ; and resilnfer ( l ). hv, Length ; 
m , Height of the shell. ~/ a natural size. 


Crassatell 1 tes pi unibeus (Cliem.). Interior of left 
valve showing entire pallial line (m ) ; anterior (a) 
and posterior (a') adductor scars ; and resilnfer 
(0. ‘ 2 k natural size. 


regarded as of prime importance, the Pelecypods with a sinus were called 
Sinupalliata (Fig. 641), and those without, Integripalliata (Fig. 642). 

The Hinge . — The origin both of the hinge structure and the ornamentation 
of the shell can be perhaps best understood by a consideration of what is 
known regarding the archetype of the class, and by noticing the changes that 
have since been introduced. The original protopelecypod was small, thin, 
symmetrical, sub-circular or oval, with a short external ligament equally dis- 
posed on each side of the beak along the hinge line. The mantle was not 
uniformly attached to the shell along a pallial line, as in modern Pelecypods, 
but adhered more or less irregularly and was not provided with extrusile 
siphonal tubes. The adductor muscles were sub-equal, symmetrical, and 
situated high up in the valves. The surface of the valves was smooth, or 
(probably in connection with the development of tactile papillae on the mantle 
edge) radiately ribbed. These conclusions are justified not only by inference 
and by recent investigations on the morphology of the prodissoconch, but by 
the characters of the most archaic Pelecypods, summarised by Neumayr under 
the name of Palaeoconcha . 

Since the general form of the Pelecypod depends upon its principal 
anatomical characters (the size, number and position of the muscles, the 
presence, size and character of siphons, byssus, etc.), then, to a certain 
limited extent, especially in the modification of the primitive simple Palaeo- 
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conchs, it is plain that the differences of form would march with the respective 
anatomical differences. For example, those forms which retained the simple 
open mantle and sub-equal adductors would continue to be of a rounded and 
symmetrical shape ; while those which tended to produce elongate siphons, or 
in which marked inequality of the adductors was developed, would probably 
present more elongate or triangular outlines. The differences of form would 
necessarily react upon the developing hinge, from the inevitable operation of 
physical laws, and thus tend to produce in connection with particular lines of 
evolution of form, particular types of hinge. 

The recent researches of Bernard and Simroth have developed the fact 
that in some Pelecypoda the ctenidium originates as a lateral plate, which 
becomes transversely folded, and in which the reticulate form results from 
subsequent perforations between the folds, and not from the concrescence of 
originally separate filaments, as has been hitherto supposed to be the invari- 
able mode. 

Neumayr has shown that, among the Palaeoconcha, ribbing existed in 
various species along the dorsal as well as the other margin, and that it pro- 
duced denticulations there ; and that when these denticulations had become 
a fixed specific character, the ribbing disappeared from the area above the 
hinge margin. 

In this way (as analogically in the Recent Crenella , etc.) the initiation of 
the processes called hinge teeth began. Such projections, interlocking at a 
time when the serrations of the other margin of the open valves could be of 
little assistance in securing rigidity, offered a means of defence of the greatest 
importance when fully developed by natural selection, one which would be 
useful at every stage of development, but would increase in usefulness with 
increase in size. In fact, this was just such a feature as would lend itself to 
the fullest operation of natural selection. Once well initiated, its progress 
was inevitable, and its variety and complexity only a question of time. 

From recent studies by Bernard of the development of hinge teeth in 
nepionic Pelecypods of many groups, it appears that in most if not all Prion o- 
desmacea and some Teleodesmacea there is first developed on each side of the 
ligament (or behind it in Ostrea) a series of transverse denticulations or 
minute taxodont teeth, forming what has been called a provinculum or primi- 
tive hinge, independent (so far as yet observed) of the permanent dentition. 
The latter begins subsequently by the development of distinct laminae on 
the hinge plate. In the Teleodesmacea, toward the ends of the hinge plate 
the primitive lamellae originate below the provinculum or in its absence, and 
grow proximally. The inner ends of the anterior lamellae become hooked, 
and these hooks separate from the distal portions which remain to form the 
anterior laterals, while the hooks develop into the cardinals, and the posterior 
lamellae into the posterior lateral teeth. The facts point, of course, to the 
provinculum as representative of the primitive hinge as observed in many 
Palaeoconchs ; but the gap between the provinculum and the beginnings of 
the permanent dentition, indicates a suppression of certain developmental 
stages which only further researches can supply. 

The dynamical origin of the shelly processes of the hinge, which we call 
teeth, has only recently attracted attention. In this work Neumayr led the 
way, and his contributions have been most valuable ; yet, as often happens 
with pioneer work, he failed to grasp fully all the details of the subject, and 
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the nomenclature he proposed has required revision. Several groups or 
kinds of teeth can easily be distinguished. These are not necessarily funda- 
mental, since the teeth, being largely moulded by the dynamics of their 
situation, change with the influences to which their form is due, and in course 
of time may become obsolete from disuse ( Anodon ), or modified so as to 
simulate the teeth of groups with widely different pedigree (Nuciila, Mutela , 
Plicatula , Trigonia). In general, however, at any given time, the types of 
teeth are good evidence of the relationship of forms to which they are 
common, especially if the development from the younger stages of the species 
under comparison proceeds along similar lines. 

The modifications of the hinge now generally recognised are as follows : — 
In the Taxodonta the hinge is composed of alternating teeth and sockets, 
mostly similar, and frequently forming a long series, as in Area (Fig. 643, A) 

A 



Fit}. 043. 

Taxodont hinges. A f Area , with external ligament. B, Leila, 
with internal resilmm. 



Fm. 044. 


Schizodont hinge. 
Trigotiia -pectinutct 
Lam. Eecent ; Aus- 
tralia. 




or Lada (Fig. 643, B). The Schizodonta have heavy, amorphous, variable 
teeth, often obscurely divided into sub-umbonal (pseudocardinal) and lateral 
(posterior) elements, as in Trigonia (Fig. 644), Unio (Fig. 645), and Schizodus. 

In the Isodonta the original taxodont 
provinculum is often replaced in the adult 
by a hinge structure derived from two 
ridges (the “ auricular crura ”) originally 
diverging below the beaks. This becomes, 
in the most specialised forms, an elaborate 
interlocking arrangement of two concentric ^ 
pairs of teeth and sockets, which cannot 
be separated without fracture, as in Sjpon- 
dylus (Fig. 718). In less specialised forms, Fl(J . 045 . 

such as PecteUy the provinculum becomes Sehizodont hinge of Umo starkei Neumayr, 
obsolete, and the crura only partially de- g2 ; CS dinaI ^ ^ 
velop. 

The Dysodonta of Neumayr was originally a heterogeneous group, and the 
term is now restricted to that division having a feeble hinge structure, whose 
origin is more or less palpably derived from external sculpture impinging 
upon the hinge line, as in Myoconcha (Fig. 646), Pachymytilus (Fig. 647), and 
Orenella . 

The preceding groups, together with the edentulous Solemyacea , constitute 
the order Prionodemnacea , which is knit together by community of descent 
still traceable in their anatomy. 
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Flu. G46. 

Dysodont hinge of 
Myocon cha if / lat ula 
Goldf. Lower Oolite; 
Bayeux, Calvados. 

Vi- 


Fits. G47. 

Dysodont lunge of Pach.ymytilus petcu^us 
d’Orb. Coral Rag; Coulange-sur-Yonne, 
Fiance. 2 / i{ . 


The Pantodonta are a small group of Paleozoic forms whose dentition 
partakes of the synthetic character of the more archaic forms, while fore- 
shadowing the future teleo- 
dont types. In this group 
the laterals may exceed a 
pair in a single group, which 
is never the case in the 
modern types. Orthodontiscus 
and Allodesma are examples. 

The Diogenodonia are the 
modern and perfected forms 
in which there are differen- 
tiated lateral and true car- 
dinal teeth upon a hinge 
plate, the former never ex- 
ceeding two, nor the latter 
three in any one group. 
Astarte (Fig. 754), Crassatel- 
(Fig. 642) and Corbicula 
(Fig. 761) are examples. 

The Cydodonta exhibit 
extreme torsion in their dentition, which curves out from under the beaks 
and is not set upon a flat hinge plate. Isocardia (Fig. 806), Tridacna and 
Cardium (Fig. 801) are examples. 

In the Teleodonta are found the most highly perfected types of hinge. 
The characters of the less specialised forms hardly differ from those of the 
Diogenodonta , but they are placed here on account of their obvious affinities 
as shown by other characters. The most specialised forms add to the ordinary 
cardinal series of the Teleodesmacea (10101) either a roughened area, as in 
Venus; a series of extra cardinals, as in Tivda; or accessory lamellae, as in 
Mactra , making the hinge more complicated or efficient. Cytherea (Fig. 809), 
Mactra (Fig. 824), Venus mercenaria and Tivela are examples. 

Several of these forms were included by Neumayr in a group called Des- 
modonta , which he founded on such types as Mactra under a misapprehension 
as to the character of the hinge ; almost all of the others were included in 
his Eeterodonta , which, construed strictly, would take in all dentiferous 
Pelecypods, since the alternation forming its essential character is inseparable 
from the possession of functional teeth. 

The Asthenodonta comprise borers and bur rowers in which the teeth have 
become obsolete from disuse. Corbula (Fig. 828), Mya (Fig. 827) and Pholas 
(Fig. 833) are illustrative types. In the last-named a remarkable develop- 
ment of the sub-umbonal attachment of the mantle has produced a myophore 
which is sometimes wrongly interpreted as a tooth. The exceptional develop- 
ment of this feature is explained by the dynamics of Pholad existence. 

The above groups form the orderTeleodesmacea, and dentally are intimately 
related. Eecent studies by Bernard 1 as to the genesis of individual teeth 


1 Bernard , F., Sur le developpement et la morphologie de la coquille chez les lamellibranches. 
Bull. Soc. Geol. France [3], 1895-97, vols. xxiii., xxiv. — Vest , W . von , Tiber die Bildung imd 
Entwicklung des Bivalvenschlosses. Verh, Siebenb. Vereins Naturw., 1895-96, vol. xlviii. — 
Dali , W. E., On the hinge of the Pelecypods and its development. Amer. Journ. Sci., 1 889 [3], vol. 
xxxviii. — Reis, O., Das Ligament der Bivalven. Jahresh. Ver. Vaterl. Naturk. Wurtt., 1902, vol. Iviii. 
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among members of this order show great uniformity in the early stages. 
But inasmuch as these observations are dependent upon the mode of growth 
in highly specialised Pelecypods, in which the development of teeth is largely 
secondary, care must be taken not to confound these processes with those by 
which hinge teeth were originally initiated in edentulous Protopelecypods. 

Finally, in the Anomalodesmacea we have a tribe of burrowers which have 
preserved to the present day some of the features which characterised the 
edentulous Protopelecypods of ancient geological time. The small teeth of 
the nearly edentulous hinge may sometimes be associated with the submersion 
of the resilium and the development of a chondrophore, but in other cases 
they may be the remnants of hinge teeth acquired in the ordinary way early 
in the geological history of the group. 

Dental Formulae. — For the purpose of recording compactly the number 
and character of the teeth in adult Pelecypods, a formula has been suggested 
by Steinmann, which, somewhat amplified, is as follows : — 

Let L represent the left and R the right valve, and the teeth be repre- 
sented by units ; the sockets into which teeth of the opposite valve fit by 
zeros ; the resilium or chondrophore by C ; the laterals by 1 ; the clasping 
laminae which receive the laterals by m, if single ; if double, by m2. Where 
two taxodont rows meet on one hinge margin and are not separated by a 
resilium, as in Glycimeris, let their junction be marked by a period. Obsolete 
or feeble teeth may be represented by the italicised symbol for normal teeth. 
For amorphous, interlocking masses, which cannot be classified as teeth, and 
are of varied origin, the symbol x is adopted. The enumeration begins at the 
posterior end, and the right-hand end of the formula is always anterior. 

Thus, types of teleodont dentition may be represented as follows : — 

Astarte borealis , ; Grassatellites antillarum , ; Venus mercenaria , 

Sxlhlhl (* n ^is case x represents the rough area below the ligament). 

In investigating the genesis of the individual hinge teeth in various 
genera of the Teleodesmacea, Munier-Chalmas and Bernard have adopted the 
following formula, which expresses at once the origin and position on the 
hinge of the several teeth. In the majority of cases the teeth appear to be 
derived from two primitive pairs of lamellae in each valve, one pair anterior 
and one posterior. Each adult tooth is designated by an Arabic numeral 
corresponding to the primitive lamella from which it is derived, with a for 
the anterior and b for the posterior tooth when a single primitive lamella 
gives rise to two teeth. The laterals are counted from below upward in 
Roman numerals, the odd numbers belonging in every case to the right, and 
the even numbers to the left valve. If it is necessary to name a socket it 
receives the designation of the tooth which occupies it, supplemented by an 
accent ('). A and P stand for anterior and posterior, L for lateral, and CA 
for cardinal teeth. Finally, if a tooth disappears, its place is indicated by 
a zero with an index showing which particular tooth it was. The numeration 
of the cardinals always begins with the right median cardinal tooth. Thus, 
0A1 = median cardinal of the right valve, CA2 b = left median cardinal derived 
from the posterior part of primitive lamella number two ; LA I = ventral 
anterior lateral, LP III = dorsal posterior lateral,, etc. 

Ligament — The ligament which unites the two valves, as stated above, is 
primitively continuous with them as the uncalcified part of the primitive 
VOL. i 2 F 
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pellicle secreted by the original shell gland ; it is therefore neither external 
nor internal. With its subsequent differentiation, and the thickening of the 
valves by calcification deposited about it, it occupies a depression in the 
cardinal margin which Bernard has regarded as internal. In a sense it is 
internal, but its position at this stage is not significant, and there is no 
fundamental difference between the cases. The differentiation in function 
and structure which we find in the adult between the ligament, properly 
so-called, and the “ internal ligament ’’ or resilium , is a later development. 

The ligament may be regarded as a fundamental character of Pelecypods, 
and is universally present, though in some cases as a mere degraded rudiment 
(Pkoladacea) ; it may be separated from the valves and functionless ( Ohlamydo - 
concha ), or present only in the young stages and lost through specialisation 
due to the sessile habit (Rudistids). 

As the most important factor in the mechanism of the valves, the liga- 
ment has undoubtedly developed with the evolution of the class, and its 
chief modifications date from the earliest period in the life-history of the 
group. The function of the original ligament was that of an external link 
between the valves having the essential nature of a C-spring. That is, the 
insertion of the ligament edges on the cardinal margins, or, at a later period, 
on thickened ridges or nymphae by which these margins are reinforced to bear 
strains, resulted in the following conditions : — The valves being held together 
and, in closing, approximated by the contraction of the adductor muscles, the 
preservation of their precise apposition, marginally, is due to a rotary motion, 
exerted along the axis of the ligament, which pulls the attached edges of the 
ligament nearer to each other and exerts a strain on its cylindrical exterior. 
This operation, with a thin ligament, involves a tensile strain on the whole 
cylinder; with a thick ligament the external layers are strained and the 
internal layers compressed, so that to the tensile elasticity of the external 
layers is added the compressional elasticity of the internal portion. The 
result of the differing strains to which the several layers of the ligament are 
subjected brings about a difference of structure, and, whenever the ligament 
becomes deep-seated, there is a tendency for the respective parts to separate 
along the line where the two sets of strains approximate. We then have two 
elastic bodies, operating reciprocally in opposite directions, the outer or liga- 
ment proper tending to pull the valves open to a certain distance correspond- 
ing to its range of tensional elasticity ; and the other or resilium (for which 
the objectionable terms “ cartilage ” and “ internal ligament n have been used) 
tending to push them open to an extent corresponding to its range of expansion. 

The ligament proper is of a more or less corneous nature, tough and semi- 
translucent beneath its external surface. When dry it has a vitreous fracture, 
and often shows hardly any fibrous texture. 

The resilium is distinctly lamellar or composed of horny fibres, which are 
apt to give a pearly sheen to its broken surface. There is often a more or 
less extensive intermixture of lime in its substance, which may be diffused, or 
may be especially concentrated along the median plane. As may be seen by 
examining the unbroken resilium (as in Mactra ), this organ in such cases has 
something of an hour-glass shape ; the ends which fit into the “ cartilage pits ” 
or resiliifers being more expanded than the centre between them. The deposit 
of lime in the form of an accessory shelly piece, usually termed the ossiculum 
or lithodema , serves for the reinforcement of the resilium. 
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For the type of ligament which extends on both sides of the beaks, 
Neumayr adopts the designation amphidetic ; and for the more perfected type 
which has been withdrawn wholly behind the beaks, he employs the term 
opisthodetic (Fig. 648). Glycimeris offers a conspicuous type of the amphidetic 
ligament; TeUina and Venus ex- 
emplify the opisthodetic arrange- 
ment. In many bivalves a 

lozenge-shaped cardinal area ex- 
tends amphidetically between the 
beaks, while the ligament is wholly 
posterior, being visible as an 
oblique triangular space, with its 
apex at the umbonal point and 
its base at the hinge line, as in 
Pteria. Nearly every stage in 

the recession of the ligament can rr , 

be observed, trom truly central to With well-preserved external, opisthodetic ligament. 2/3. 
posterior, in Lima and its allies. 

The most perfected type of ligament is that which may be compared to a 
cylinder split on one side, and attached by the severed edges, one edge to 
each valve. This type is known as parivincular (TeUina, Gardium ) ; its long 
axis corresponds with the axis of motion or vertical plane between the valves, 
and in position it is usually opisthodetic. Another form is like a more or 
less flattened cord extending from one umbo to the other (Spondylus, Lima), 
with its long axis transverse to the plane of the valve margins and the axis 
of motion. This is called alivincular ; it may be central or posterior to the 
beaks, but, unless very short, is usually associated with an amphidetic area. 
Lastly, a third form must be noted which consists of a reduplication of the 
alivincular type at intervals upon the area (Perm, Area, Fossula ), either 
amphidetically or upon the posterior limb of the cardinal margin. This is 
designated as multivincular, and is developed out of the alivincular type. 

In some forms with a rigid hinge and internal resilium, the ligament may 
degenerate into its archaic epidermic character, as in some species of Spondylus . 
It is impossible to draw a sharp line between these and similar forms in which 
the ligament is not quite reduced to the state of epidermis, as in some species 
of Ostrea. The cardinal area above referred to is in part the morphological 
equivalent of the lunule of teleodont Pelecypods. In general, when the 
ligament has become opisthodetic, the remnant of the area in front of the 
beaks forms the lunule and may be called prosodetic. The amphidetic area 
is an archaic feature which has been lost by the more specialised types of 
modern bivalves, and its gradual disappearance may be traced in various 
Prionodont genera. 

The separation of the ligament and resilium has been described as due to 
mechanical causes. In those cases where the resilium becomes submerged 
between the valves, the area of attachment of its ends in thin-shelled forms is 
more or less thickened and assumes a spoon-like form projecting from the 
hinge-plate, termed the chondrophore or resiliifer ; this is often reinforced by a 
special prop or buttress called the clavicle. It has been suggested by Neumayr 
that part of the armature of the hinge, in the shape of teeth, is due to deposits 
made parallel to or induced by the presence of the chondrophore and resilium. 
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There is some reason to think that the presence of the resilium in Pecten 
and Sjpondylus may be connected with those changes of the auricular crura 
which lead to the assumption of dental functions by the latter. But it is well 
known that submergence of the resilium occurs independently in many unre- 
lated groups of bivalves • and it is probable most of them were previously 
dentiferous and still retain their teeth, although more or less modified or 
displaced, while the edentulous genera seldom show any teeth which appear 
to owe their existence solely to the presence of a chondrophore. The nearest 
approach to a hinge composed of dental laminae of such an origin is found in 
Plaouna y Placenta and Placunanomia , together with the Spondylidae already 
mentioned. 

Classification. — The class Pelecypoda, which comprises about 5000 recent 
and twice as many fossil species, appears to be divisible into three ordinal 
groups : Prionodesmacea, Anomalodesmacea and Teleodesmacea ; of which the 
third represents the most perfected and developed (though not always the 
most specialised) modern type of bivalve. There seems little reason to doubt 
that all these orders are descended from a Prionodesmatic radical or prototype, 
and that for various reasons the first and second retain more evident traces of 
this origin than the third. 

For convenience of comparison, the characteristics of these orders will be 
stated here. 

Prionodesmacea. — Pelecypoda having the lobes of the mantle generally separated, or, 
when caught together, with imperfectly developed siphons ; the soft parts in general 
diversely specialised for particular environments ; the shell structure nacreous and prismatic, 
rarely porcellanous ; the dorsal area amphidetic or obscure, rarely divided into lunule and 
escutcheon, and when so divided, having an amphidetic ligament ; ligament variable, rarely 
opisthodetic ; nepionic stage usually with a taxodont pro vinculum ; permanent armature of 
the hinge characterised by a repetition of similar teeth upon the hinge line, or by amorphous 
sehizodont dentition ; habits active, sessile or nestling, not burrowing ; monoecious or 
dioecious. 

This group, originating with the earliest forms, has retained many archaic 
features through immense periods of geological time, although occasionally developing 
remarkable and persistent specialisations. Notwithstanding most of its subdivisions 
have arrived at a notable degree of distinctiveness, intermediate forms of ancient date 
connect them all, more or less effectively, with the parent stem. 

Anomalodesmacea. — Peleeypods having the mantle lobes more or less completely united, 
leaving two siphonal, a pedal, and sometimes a fourth opening between them ; siphons well 
developed, always at the posterior end of the body ; two subequal adductor muscles ; the 
shell structure nacreous and cellulo - crystalline, rarely with a prismatic layer; the area 
amphidetic or obscure, rarely distinctly divided ; the ligament usually opisthodetic, generally 
associated with a separate resilium, cbondrophores and lithodesma ; valves generally un- 
equal, the dorsal margin without a distinct hinge plate, armature of the hinge feeble, often 
obsolete or absent ; rarely with lateral laminae or ^well-developed dental processes ; usually 
burrowing, hermaphrodite, and marine. 

This group is intimately related to many of the Palaeoconcha, except as regards 
the presence of a pallial sinus. It retains many archaic features, and includes several 
of the most specialised modem forms. Through the Anatinacea it approximates the 
Myacean Teleodesmacea. It is peculiar in the possession of a lithodesma, and in the 
structure of its gills and hinge. The forms with a reticulate gill have it of a different 
type from the reticulate gills of the other orders; those which retain a modified 
foliobranch gill have it different from the foliobranch gill of Prion odesmacean groups. 
There are no forms with a filibranchiate gill, or with a typically fully developed 
reticulate gill. 
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Teleodesmacea. —-Pelecypods with reticulate gills, the ventricle of the heart embracing 
the rectum ; having the mantle lobes more or less connected and usually possessing developed 
siphons ; the adductors practically equal ; the shell structure cellulo-crystallme (porcellanous) 
or obscurely prismatic, never nacreous ; the dorsal area, when present, always prosodetic or 
divided into lunule and escutcheon ; ligament opisthodetic, with or without separate 
resilium ; without a lithodesma, rarely with external accessory shelly pieces ; nepionic stage 
usually without a taxodont provinculum ; permanent armature of the hinge characterised by 
the separation of the hinge teeth into distinct cardinals and laterals ; the posterior laterals, 
when present, placed behind the ligament ; the animals active or nestling, sometimes sessile, 
but rarely sedentary burrowers, rarely inequivalve, usually possessing a hinge plate and a 
pallial sinus ; sexes usually separate. 

It is doubtful if this group is represented in the Paleozoic rocks, especially below 
the Carboniferous, though genera belonging to it are foreshadowed by some of the 
Palaeoconchs. Although most of the Teleodonts live embedded in the surface of the 
sea-bottom, they retain their ability to migrate, and only a few extremely specialised 
forms inhabit permanent burrows of their own construction. They are sometimes 
commensal in the burrows of other animals. Similarly, few of them fix themselves 
permanently by a byssus, although often byssiferous, especially when young. With 
the exception of a few specialised forms they possess a pair of direct and reflected 
branchial laminae on each side of the body, frequently united behind the foot, forming 
an anal chamber ; the tw r o sets on one side usually of unequal size, and of the reticulate 
type. None are known with typically foliobranch or filibranch gills, although some 
abyssal forms have archaic sub-foliobranchiate ctenidia. 

There remains a small group of fossils, difficult to refer to a place in the system, 
yet characterised by several features in common ; these have been named by Neumayr 
Palaeoconcha , and are defined by him as follows : — 


Palaeoconcha.— Prototype Pelecypods, with thin shells, a simple or obscure pallial line, 
sub-equal adductor scars placed high in the valves ; dorsal area absent or amphidetic ; liga- 
ment external, variable ; hinge margin edentulous or with polymorphous teeth formed by 
modifications of the margin and not set upon a hinge plate. 


While the forms included here are not always actually the most ancient, yet in 
their modifications they indicate clearly the origin of many subsequently developed 
structures found in Pelecypods of a more modern type ; and owing to their undifferen- 
tiated polymorphic character are difficult to assign a place in any classification based 
on more highly developed forms. There is little doubt that some of these show taxo- 
dont affinities, and others recall Pholadomya ; but the final discussion of these puzzling 
forms awaits greater knowledge of them and other early bivalves. It is to be under- 
stood that the places assigned them in the present systematic arrangement must be 
more or less provisional. Neiunayr included in this group the following families : — 


Vlastidac. 

Qardiolidae. 

Antipleuridac. 

Lwmlicardiidae. 


Praecardvidae, Solcn&psidae. 

Silurinidac. Grammymdac. 

Protomyidae (including possibly Posidonomyidac. 

the Recent Solemya). Daonellidae. 


The pelagic Planhtomya henseni, recently described by Simroth, presents many of 
the characteristics of the Palaeoconchs. The posterior cardinal margin is denticulate, 
the ligament internal, and the gills are represented by a single lateral plate parallel 
with the longer axis of the shell on each side ; a type elsewhere only known in con- 
nection with the younger stages of Sdoleretia. 



438 


MOLLUSCA 


PHYLUM VI 


Order 1. PRIONODESMACEA Dali. 

Section A. Palaeoconcha p.p. Heumayr. 1 

Family 1. Solemyacidae. 

Shell soleniform , equivalve, loiv-beaked, edentulous, go ping, with the anterior end 
longer and the epidermis conspicuous, exceeding the valves ; area obscure or none , ligament 
cmphidetic, parivincular, usually internal posteriorly ; mantle lobes united neutrally, 
attached in front to the periostracuni and valves by a broad surface, leaving no distinct 
pallial line ; a single posterior siphonal and anterior pedal foramen in the mantle , 
adductors sub -equal, with a thickened ray in front of the posterior scar ; animal dioecious, 
marine, burrowing. Devonian to Recent. 

Solemya Lam. Carboniferous to Recent, rare m all horizons. Janeia King, 
shorter and less inequivalve, may include most of the Paleozoic species hitherto 
referred to Solemya. Clinopistha, keek and Worthen, from the Carboniferous, is also 
allied, and Dystactella Hall, is muted with it by ZitteL Phthonia Hall, from the 
Devonian, is placed here by Ulrich. Aclucrax Dali, Mesozoic to Recent, has a purely 
external ligament and no clavicle. 


Family 2. Solenopsidae Neumayr. 

Shell tlmi, elongate , equivalve, with very antenor beaks ; the hinge edentulous, ligament 
parivincular, external; pallial line not dnuated; a ridge or groove radiating from the 
beak to the lower posterior angle of the valves. Marine. Devonian to Trias 

Sanguinolites M‘Cov. Elongate, obliquely truncate behind; beaks low, sculp- 
ture of concentric or broken lines, an- 
terior adductor scar buttressed by a 
ridge. Carboniferous. 

Promacrus and Prothyris Meek. 
Carboniferous. 

Arcomyopsis Sandb. Somewhat 
curved, with prominent beaks ; obliquely 
the rest of the surface concentrically 



Fig. 619. 

Solenopsis pclagica GoldC. Devonian ; Eifel District. 


truncate behind; posterior area radially, 
sculptured. Devonian. 

Solenopsis M l Coy (Fig. 649). Very long, scabbard-shaped, smooth ; anteriorly 
short and rounded, gaping behind. Devonian to Trias. 


Family 3. Vlastidae Neumayr. 

Shell thin, very inequivalve, beaks el&oated, hinge line edentulous, arched, meeting at an 
obtuse angle beneath the beaks, leaving a dorsal opening ; surface smooth or concentncally 
striate . 

The two genera Vlasta and Dux (Vevodct) Barrande, from the Silurian of Bohemia 
(Etage E 2), constitute this family. 


Family 4. Grammysiidae Fischer. 

Shell thin . equivalve, oval or elongate , with the beaks sub-central to anterior , hingi 
edentulous, sometimes thickened. Ligament parivincular, external; pallial line no> 
sinuate ; surface smooth or concentrically sculptured. Silurian to Carboniferous. 

1 [The terms Palaeoconcha , Taxodonta , Sckizodowta, etc., preceded by Roman numerals, ar 
retained here merely as convenient descriptive appellations, and are in nowise to he regarded a 
possessing systematic values.] 
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Grammy sia Vern. (Sphenomya Hall) (Eig. 650). Shell elongate-ovate, concen- 
trically sculptured, with a deep lunule ; cardinal margin thickened, edentulous ; 
surface with several radial 

i is 

grooves. Silurian and De- 
vonian. Protomya Hall is 
similar hut without the 
grooves. 

Lejotodomus M*Coy, Sil- 
urian ; Elymella, Glossites , 
j Euthydesma, Paleanatina 
and (?) TelUnopm Hall ; 

Devonian. 

Gardiomorph a Konin ck. 

Oval, inflated, beaks almost 
anterior, conspicuous, ad- 
jacent, prosogyrous ; hinge line thin, arched. Silurian and Carboniferous. 

Isoculia M‘Coy. Like the preceding, but with coarse concentric sculpture. 
Carboniferous. 

Other Carboniferous genera are Broeclia Konmok ; Ghaenomya Meek ; Sedgwickia 
M‘Coy ; and Edmonditt Komnck. The last is like GanUomorpha but gapes in front, 
with a narrow ridge below the beaks. 



Fiu. G50. 


Gmmmysia Tuumltonen^it, Vern. Spirifer Sandstone (Lower Devonian) ; 
Lahnstem, Nassau (alter Sandberger). 


The Cambrian Fordilla Barrande, earliest of bivalves if a Mollusc, very likely belongs 
to the bivalved Crustaceans near Esthcna. It is minute, oval, somewhat arcuate, and con- 
centrically striated. Lower Cambrian ; New York and Massachusetts. 

Another bivalved shell, regarded by some authors as a Pelecypod, Modioloides priscus 
Walcott, from the Lower Cambrian of eastern New York, is probably also of Crustacean 
affinities. Pizzaroa, Tunaria and Bistramia Hoek, from! the Silurian of Bolivia, are probably 
byssal bivalves. 

Family 5. Cardiolidae Neumayr. 

Shell equivalve , inflated , obliquely ovate , with prominent beaks , and edentulous hinge ; 
sculpture often radial , or sometimes of concentric ridges which may be confined to the 
beaks. Silurian and Devonian. 

Gardiola Brod, (Fig. 651); Gloria Barrande; Eopteria 
(? Enchasma) Billings ; from the Ordovician, may also belong here. 

Family 6. Antipleuridae Neumayr. 

Shell very inequivalve without gape below the beaks ; hinge 
obscurely taxodont , with an amphidetic area and predominantly 
radial sculpture. Silurian. 

Antipleura , Dualina and Dalila of Barrande. 

Family 7. Praecardiidae Neumayr. 

Shell equivalve with taxodont dentition and usually strong 
radial sculpture. Silurian and Devonian. 

This family contains the following genera of Barrande from the Silurian of 
Bohemia : Praecardium , Paracardium , Puella, Pentata , Buchiola ( Glyptocardia Hall), 
Praelucina , Regina , Praelima ; to which Neumayr adds Pleurodonta Conrath, and 
Parana HalL It is possible that Silurina Barrande, regarded by Neumayr as the 
type of a distinct family, may also be included. It is distinguished by its feebler 
structure and a dorsal radial groove near the cardinal border. 



Fio. 651. 

Cartliola cornucojiiar 
Goldf. Devonian ; Ebers- 
reuth, Fichtelgebirge. Vv 
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Section B. Taxodonta Neumayr (emend.). 

Superfamily 1. NTJCULACEA. 

Shell of variable form, closed ventrally , equivalve, with a smooth epidermis ; nacreous 
or porcellanous with tubuliferous external prismatic layer; area obscure , or none , when 
present divided into lunule and escutcheon; ligament variable , amphidetic ; gills folio- 
branchiate; both adductors present and sub-equal; foot grooved and reptary, not 
byssiferous ; marine . 


Family 8. Ctenodontidae Dali. 

Shell nuculiform , with the teeth in a continuous arched series; no area; ligament 
external , alivincular , ivithout an external resilium ; prilhal line simple. Ordovician 
and Silurian. 


Ctenodonta Salter (Telhnomya Hall p.p) (Fig. 652). Oval, smooth or con- 
centrically striate, in the later horizons sometimes with Leda-1 ike 
ornamentation. Ordovician and Silurian. 

Gucullella (M c Coy) Fischer. Ovate, thin-shelled, with a straighter 
hinge line and a radial buttress to the anterior adductor. Silurian. 



Ftg. 002. 


Family 9. Nuculidae Adams. 1 
Shell compact , closed , with the teeth in two series 


below the 


Ctc nodonta pcctun- 

culoidcs Hall. Ordo- .7x777 . , 7 7 

vician ; Cincinnati, umbones , separated by a chondrophore ; area represented by an obscure 
Hail) ^ (after lunule and escutcheon ; no ligament , but a wholly internal, amphidetic, 
alivincular resilium ; internal layer of shell nacreous; mantle lobes 
free, without siphons; pallial line simple . Silurian to Recent. 


Nucula Lam. (Nuculana Link) (Fig. 653). Oval or triangular, concentrically or 
reticulately sculptured. Silurian to Recent. Re- a 

presented by over 200 fossil and half as many Recent 
species. 

Acila Adams. With divaricate sculpture. Lower 
Cretaeeous to Recent, 

Family 10. Ledidae Adams. 1 

Shell as in the Nuculidae, but elongated with the 
ligament variable, the resilium sometimes external or Trias’; sT^Cassian/^^oh 01 ^/!. £, PP n! 
absent, the internal shell layer sub-nacreous or por - sienna L i/ nn * Ml0Cene; Grussbach, near 
cellanous, the ends of the shell partly gaping ; the ' 

mantle lobes more or less united; with complete, sometimes 
elongate siphons ; pallial line usually sinuatecL Ordovician 
to Recent 

Glddophorus Hall ( Adranaria Mun.- Chaim.) (Fig. 
654). Shell rostrate, the anterior side shorter, with an 
internal radial buttress. Ordovician and Devonian. 

Gytherodon Hall. Silurian and Devonian. (?) Eedonia 
Eouault ; Gadomia Tromelin; Palaeoneilo Hall; Armscula 
ian ; Niederiahnstein, Nassau, i/i- Barr. ; and Myoplusia Nemnayr, Silurian. 

1 Verrill , A. R, and Bush, K. J., Revision of the genera of Ledidae and Nuculidae. Amer. 
Joura. Sci. [4], 1897, vol. iii. 
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Leda Sclium. (Figs. 655, 656). Sliell rostrate, elongate, often keeled, concentri- 
cally striate ; hinge as in Niicala ; pallial sinus small. Silurian to Recent. 



• Flu. G55. 

Leda vast rata 
(Lam.) Middle Jura; 
Milhaud, Aveyron. 

Vi- 



Fro. 05t». 

Leda dr<haye'iiana Ducli. 
Oligocene ; Rupelmondo, 
Belgium i/i* 


O 



Yohlia arctica Gray. (Wood). Miocene; 

Pleistocene; Balms- Forchtenau, neai 

lan, Sweden, l/l- Vienna 


Yoldia Moller (Fig. 657). Shell thin, vide, and more or less gaping behind, 
hinge as in Nucida Cretaceous to Recent. 

Nncnlina d’Orb. (Fig. 658). Nuculiform, hinge teeth few and discrepant ; with 
large lateral tooth and external ligament. Tertiary and Recent. 

Malletia Desm. and Tindaria Bell. Yoldiform and nuculiform respectively, but 
without internal cliondrophore. Tertiaiy and Recent. 


Superfamily 2. ARCACEA Deshayes. 

Shell of varied form , usually with a pilose epidermis , porcellanous , with tuhuliferous 
nou-prismatic external layer; area typically amphidetic , ligament external , ali- or 
multivmcular ; gills fdibranchiate , with the filaments usually reflected; mantle lobes 
free , without siphons , the pallial line simple; foot variable , deeply grooved , byssngenous ; 
marine or flnviatile. 


Family 11. Parallelodontidae DalL 

Shell arciform , with the posterior hinge teeth elongated, tending to be parallel to the 
hinge margin ; ligament multivmcular. Carboniferous to Recent 


The ancient forms of this group appear to connect 
with the Pteriacoa through Pterinea, and with Area 
through Oucullaea. The Recent forms, which from 
their shell characters have been leferred to Macrodon, 
are all small and probably should be referred to the 
Arcidae. The relationship of this family to the 
Arcidae is very intimate hut not exclusive. 

Parallelodon Mock {Macrodon Lycett) (Fig. 
659). Shell elongate, sub -quadrate, with am- 
phidetic area, and 
prominent, rather 
anterior beaks. 

Anterior teeth 
transverse or fLex- 
uous, posterior long 
and parallel to the 
hinge line. Devon- 
ian to Tertiary ; 
maximum in Coal Fio. 659. 

Measures. Parallelodon hirsonensis Morris and 

Qrammatodon Mmohmhainpton, 




Fig. 660. 

Cueullaea, hersilia d’Orb. Oxfordian; Wil 
St. Bemy, Ardennes. Vi- 
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Meek and Worthen, and N emotion Conrad, are allied. Garbonarca Meek and Worthen. 
Beaks inflated, curved, angular behind ; hinge margin curved, witli two oblique 
teeth. Carboniferous. 

Oucidlaea Lam. (Big. 660). Shell inflated, trapezoidal ; hinge teeth in the centre 
of the hinge short, transverse or oblique, the terminal teeth on each side longer, sub- 
parallel to the hinge line ; posterior adductor usually supported by a radial elevated 
lamina or buttress. Jura to Recent ; maximum in Mesozoic. 

Gucullciria Desh., of the Eocene, and Idonearca Conrad, are closely allied. 

Family 12. Cyrtodontidae Ulrich. 

Shell equivalve, short , usually heavy , convex and earthy , without 'persistent epidermis , 
area small , ligament parivincular (?) ; hinge teeth transitional betiveen the Parallelodon 
and Dysodont type; adductor scars sub-equal , the posterior larger but less impressed. 
Ordovician and Silurian. 

These forms are evidently intermediate in character. They recall Limopsis among later 
types, are nearly related to the Parallelodontidae, but have not the multivincular ligament ; 
the hinge has Dysodont elements, but the difference of texture and epidermis stand in the 
way of assimilating them with Mytilacea. 

Gyrtodonta Bill. ( Gypricanlites p.p. Conrad ; Palearca Hall). Shell rounded, 
moderately ventricose, with rather tumid, incurved, anterior beaks ; area narrow and 
obscure ; cardinal teeth two to four, obliquely curved or horizontal ,* lateral teeth near 
the posterior end of the hinge elongate, strong, curved or oblique ; pallial line simple. 
Anterior adductor set on the wall of the valve. Ordovician and Silurian. 

Vcinuxemia Bill. Beaks more nearly terminal, anterior adductor scar excavated 
out of the hinge plate. Ordovician. 

Whitella and Ischyrodonta Ulrich ; Matheria Billings. Ordovician and Silurian. 

Family 13. Limopsidae DalL 

Shell pectunculoid , eqmvalve or nearly so; the ligament alivincular , partly 
immersed , its socket approaching a chondrophore ; area small ; foot long , narrow , grooved , 
byssiferous ; otherwise as vn Arcidae. Trias to Recent. 

These forms precede the typical Area and have a special facies of their own. The two 
dental series of the hinge are often discrepant m character or direction, recalling the 
Parallelodontidae. 

Limopsis Sasso (Fig. 661). Small, rounded or oval, recalling Gly timer is, except 
for the alivincular ligament. Trias to Recent. 

Trinacria Mayer ( Trigonocoelia Nyst). Like Limopsis , but tri- 
angular, with the posterior slope keeled. Eocene. Gnisnia Mayer, 
from the Eocene, appears to be related. 

Family 14. Arcidae DalL 

Shell trapezoidal or rounded , with the posterior side longer; ligament 
Pig. 661 . usually multivincular ; hinge typically taxodont, with the teeth in two 

Limopsis aurita similar series , meeting below the beaks , and approximately vertical to 

Haceni I>1 i < / Gene; margin of the valve; foot stout , short , deeply grooved. Jura to 
lacenza. /* Decent. 

Most of the Paleozoic Arca-like forms are probably Parallelodontidae, and the typical 
Areas are preceded by Pectunculoid forms. The convergence of the types of Arcaeea as we 
recede in geological time is very marked, and their relations to the Nuculaoea are evident in 
spite of the later developed differences. 
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Area Lam. (type A. noae Linn.). Shell trapezoid, eejur valve, with a wide amj)hi- 
detic area, distant conspicuous heaks, and radial sculp tui e ; a wide hy^al gape; a 
long, straight, transversely dentate hinge line, with many small similar teeth. 
Tertiary and Recent. Used in the wider sense to include all the groups of Arcidae, 
there are some 200 living and 300 to 400 fossil species. 

Subgenera : Barbatm Gray (Fig. 662) ; Scapharca, Noctia , Anadara (Fig. 663) and 
Ary nia Gray ; Scaphula Benson (fresh-water), etc. 

Isoarca Munst. (Fig. 664). Shell smooth, inflated ; beaks full, incurved ; hinge 
line wutli rather amorphous dentition. Upper Jura and Low'er Cretaceous. 



Fig. 062. 



Fig. 063. 


A/'ca ( Barbatm , ) barhata Linn Miocene ; 
Grand, near Vienna l/j. 


A i a x ( Anadara ) dilnvn Lam. 
Pliocene , Siena. 



Fig. 004. 

A tea, ( Isuaird ) curdi- 
jui'mts Ziet. Upper J ura ; 
Nattheim, Wurtemberg 
Vr 


Glycinieris Da Costa ( Pectunculus Lam. ; Axinea Poli) (Fig. 665). Rounded and 
almost symmetrical. Basal margin dentate ; area as in Area , hut shorter ; ligament 



Fig. 005. 

Glycmcns obovatus (Lam.). Oligocene ; Wemheim, near Alzey, Hesse. l J l . 


multivincular ; teeth oblique, in an arched series, interrupted during growth by the 
subsidence of the areal margin. Cretaceous to Recent ; maximum in Miocene. 


Section C. Schizodonta Steinmann (emend.). 

Superfamily 3. PTERIACEA DaLL. 

Shells of varied form, frequently alate, with a nacreous or sub-nacreous inner and 
prismatic outer layer; the epidermis seldom conspicuous ; area amphidetic; Ugament 
variable , usually not parivincular ; gills filibranchiate or reticulate , usually reflected ; 
mantle lubes free, without siphons; pallial line simple; the anterior adductor smaller , 
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or frequently obsolete in the adult , though present in the young; generally byssiferous , 
hinge schinodont or edentulous . The young sometimes showing a distinct nepionic stage. 
Marine. 


Family 15. Pterineidae Dali. 

Shell pteriiform, bialate , dimyanan , the anterior adductor smaller , ineqmvalve, very 
inequilateral, dentition obscure; ligament amphi detie, external , multivincular (?) ; the 
by ssus passing through a notch in the smaller valve. Ordovician to Devonian. 

In Ptcrinea and its allies we liave the first indications of divergence of what ultimately 
became taxodont and schizodont dentition. From this assemblage, as indicated by Jackson, 
a large proportion of the Prionodesniacea have diverged in various directions. It is probable 
that bom this source the filibranchiate Taxodonts have sprung, rather than directly from the 
foliobranclis. 


Rhomboptena Jackson’ (Fig. 666). Posterior wing separated from the .body of the 



^ Diirr. ouunau ; 

Prague, Bohemia (after A, Ptermra lanns Goldf Devonian ; Niederlahnstem, Nassau. Interior of left 

Jackson). valve, i/i- A P- hneata Goldfl Same locality , external view. 


valve by a shallow sinus ; anterior wing short ; teeth obscure, the posterior elongated. 
Silurian. 

Pterinea Goldf. (Fig. 667), Left valve convex, right valve flat ; hinge plate long, 
broad, auriculate before and behind ; area amphidetic, grooved ; ligament parivin- 
cular (2) ; anterior teeth obscure, transverse ; the posterior elongate, nearly parallel to 
the cardinal margin, depressed behind. Posterior adductor scar large, the anterior 
small hut strong, inserted below the anterior wing. Ordovician to Carboniferous ; 
particularly abundant in the Devonian of Europe and America. 

Actinodesma Sandb. ( Glyptodesma , Ectenodesma Hall; Dolichopteron Maurer). 
Like Pterinea , hut with the wings elongated and pointed. Devonian. 

Leptodesma Hall; Kochia Freeh ( Onychia Sandb.; Loxopteria Freeh). Devonian. 


Family 16. Lunulicardiidae Fischer. 

Usually equivalve , triangular shells with terminal beaks, from which a sharp ridge 
runs toward the lower margin , bounding a flattened area. Hinge margin straight , long. 
Internal characters unknown. Silurian and Devonian. 

Lunulicardium Munst. Anterior side with a byssal sinus. Silurian and 
Devonian. L. semistriatum Miinst. 

Patrocardium Fischer (Hemicardium Barr., non Cuvier). Without byssal sinus, 
Silurian. 

Additional genera : Amita ( Spanila , Tetinka ), Mila, Tenka , Babinka ( Matercula ) 
Barrande. Silurian. 
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Family 17. Ambonychiidae Miller. 


Shell mytihform, with no anterior icing, the anterior adductor obsolete; 
very inequilateral ; dentition obsolete or schizo- 
dont ; ligament external? m ultivincular (?) ; 
byssus passing through a narrow gape between 
the valves which are othenoise closed. Ordo- 
vician to Devonian. 

The typical Ambonychia , according to Ulrich, 
is edentulous ; the forms ordinarily passing under 
that name being now referred to Byssonychia . In 
this group the byssus does not pass through a 
notch in one of the valves. 

The Ambonychiidae include the typical mem- 
bers of Ambonychia , Byssoptcria and Amphicoelia 
Hall ; Opisthoptcra ( Mcgaptem ) Meek ; Anomalo- 
donta Miller ; Byssonychia and Allonychia Ulrich, 
and their allies. 


tgiu valve, 



Flu. 60S. 


A, Byssonychia sp. Cincinnati Group; Cin- 
cinnati, Olno. Interior of right valve. (after 
Miller). B, B. laduila (Hall). Same locality. 


Byssonychia Ulrich (Eig. 668). Hinge 
with several small cardinal and two or three slender lateral teeth ; area striated ; 
byssal opening present in the upper half of the anterior face ; otherwise as in 
Ambonychia. 

Paleocardia Hall Silurian. Mytilarca and Plethomytilus Hall. Devonian. 

Gosseletia Barrois (Cyrtoclontopsis Erech.). Thicker shelled, with heavier and 
more nnmerous teeth. Devonian. 

Gliony chico Ulrich. Edentulous, concentrically sculptured. Ordovician. 



Fio. G69. 

Pinna pyramidalis Miinst. 
Quader Sandstein; Schan- 
dau, near Dresden. 1 / 3 . 



Fio. 670. 

Pinnigcna sccbachi Buhm. Upper Jura ; Kelheim, Bavaria. 
External and internal views, 1/3 natural size. 
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Family 18. Pinnidae Meek. 

Shell mytiliform, not alate , dimyarian , the anterior adductor smaller; equivalve , 
truncate and wholly open behind; edentulous; area linear; ligament parmncular , 
internal; shell structure coarsely prismatic , with a thin , partial , nacreous lining; 
byssiferous. Devonian to Recent. 

Palaeopinna Hall. Devonian ; North America. 

Aviculopinna Meek. A very small wing m front of the beaks. Carboniferous 
and Permian. 

Pinna Linn. (Fig. 669). Shell thin, with a long hinge line and emarginate 
nacreous layer; valves carinate, the carina silicate, section triangular. Jura to 
Recent. 

Pinnigena Sauss. ( Trichites Plott) (Fig. 670). Muscular impression very large; 
prismatic layer extremely thick ; sculpture divaricate. Jura and Cretaceous. 

Atrina Gray. Shell with broad adductor scars ; short hinge line, no sulcus or 
carina, the nacreous layer entire. Carboniferous to Recent. 

Cyrtopinna Morch. Jura to Recent. 


Family 19. Conooar diidae Neumayr. 

Shell sub-trigonal, anteriorly truncate and gaping , the margins of the gape frequently 
produced into a tube-like rostrum and sharply serrate below , the posterior end usually 

alate , the wing divided internally by a longitudinal ridge; 
dimyarian, the anterior adductor scars smaller ; equivalve 
more or less gaping behind ; schizodont, with a single 
anterior lateral , and an obscure or obsolete cardinal 
tubercle; area ill-defined, amphidetic ; ligament external , 
parivincular ; shell structure cancellate, or built up of 
hollow prisms resembling those of Pinna , but not solid ; 

Fit.. 671. valves thick, internally marginate; byssifeous (?) ; marine. 

Conocardmm alaeforme Sowerby. Ordovician to Carboniferous. 

Lower Carboniferous ; Touraay, Bel- 
gium. Vi* This group includes Conocardmm Bronn (Plcurorhynchus 

Phill.) (Fig. 671), and Phipidocardium Fischer. It is ex- 
tremely isolated, and comprises some fifty species. These remarkable shells have been 
referred by most paleontologists to the Cardiacea, with which they have no connection what- 
ever except analogy of form with a few aberrant Cardiidae. 



Family 20. Pernidae Zittel 

Shell sub-mytilifonn , with a broad posterior wing; monomyarian , the anterior adductor 



Fig. 672 . 

A, Gerrilha avieuloides Sow. Oxfordian ; Dives, Calvados. B, G. Unearls Bouvignior. Hmge. 

absent in the adult ; inequivalve, teeth irregular or absent , with a serial multivincular 
ligament ; byssiferous , with a moderate gape, or none. Permian to Recent. 
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This family differs from the Pteriidae chiefly by its multmncular ligament in the adult 
state. It finds its maximum development in the Jura and Cretaceous. 

Bcikewellia King. Small, obliquely elongated, alate behind, three to four den- 
ticulations under the beaks. Permian. 

Gervillia Defr. (Fig. 672). Posterior wing obscure, hinge plate thick, beaks 
terminal, pointed, with obscure dental ridges sub -parallel 
to the long axis of the valve. Trias to Eocene 

Subgenus Eocrncsia Laube (Fig. 673). With a strong tooth 
under the beak and subtaxodont denticulations on the pos- 
terior cardinal border. Trias. I 

Odontoperna Freeh. Quadrate with two to three 
oblique dental folds below the beaks. Trias. 

Pcdalion Solander ( Isognomon Klein ; Perna Brag. ; 

Mulletia Fiscli.) (Fig. 674). Equi valve, subquadrate, . FltJ - C73 * ^ 

with terminal beaks, an anterior byssal notch, edentulous Mu"h^ 
hinge, and numerous ligamentary grooves. Trias to Recent. 

Edentula Waag. Alpine Trias. Pernostrea Munier-Chalmas. Jura. 

Inoceramus Soweiby ( Catillus 
1 Brong. ; Eaploscapha Conr. ; Neo~ 

catillus Fisch.) (Fig. 675). Rounded 



Bp|| 



Pedalion soldttnii (Desh.). Olitfocene ; Waldbockellioim, 
near Kreuznacli, Prussia, i/s* 


Inucerainu^ ct'ipsi Mant. Upper Cretaceous ; 
Gosau, Austria. i/ 2 natural size. 



Fig. 676. 


Actinocpramus snlcatiis 
Park. Gault; Perte du 
Rhone, Am. tyj. 


with concentric sculpture ; prominent, rather anterior beaks, 
and edentulous hinge bearing numerous small ligamentary pits. 
Jura, and especially the upper and middle Cretaceous. 

Subgenera : Actinoccramus Meek (Fig. 676), with radial sculp- 
ture ; Volmceramus Stol. ; Anojiuca Eickw. ; Eacnleinia Bohm. 

Grenatula Lam. Thin-shelled, elongate, smooth. Jura (?), 
Pliocene and Recent. 

Family 21. Pteriidae Meek. 

Shell aviculoid , bialate , monomyarian , inequivalve , with an 
alivincular ligament ; the byssus issuing by a notch in the smaller 
valve; the young dimyarian, the anterior adductor disappearing 
with age . Silurian to Recent. 

Pteria Scopoli (Avicula Brug.) (Fig. 677). Cardinal 


border in the young with pseudocardinal and lateral teeth, becoming more or less 
obscure with growth ; shell thin, oblique. Devonian to Recent. 
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Subgenera: Actiiboptcria, Lciopteria, Vertumnia Hall. Devonian. PknmUes M‘C 
Devonian and Carboniferous. 1 Putotia de Kon. Carboniferous. Oxyfouut Meek (Fig. 6', 
Trias to Cretaceous. Meleagnm Lam. J ura to Recent. % 

Limoptera Hall (Monopteria Meek ; Myalinodonta , Paropsis (Elilert). Anterin 
wing reduced, posterior large. Devonian and Carboniferous. 




tte 


Haldna (Daonella) lommeli Wissm. Lower Keuper (Norian) ; 
Wengen, South Tyrol. 


Posidonomya becheti Bronn. Culm Measures ; 
Herbom, Nassau. Vi* 


anterior wing only represented by a smooth non-projecting area (Halobict,), or both 
wings absent {Daonella). Abundant in the Trias. 
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Posvlonomyci Broun (Ablacomya Steinm.) (Fig. 683). Equivalve, thin, compressed, 
joncentrically waved ; hinge margin straight, edentulous ; valves not auricula te ; heaks 
sub-central, not conspicuous. Silurian to Jurassic. Over fifty species are known ; 
/ery profuse in the Jura-Tnas, sometimes forming massive beds. 

Malleus Lam. ; (?) Philobryct Carpenter ; (?) Hochstctteriu Velain. Recent. 


Family 22. Myalinidae Frecli. 

Shell obliquely ovate , widened behind , sometimes with a small anterior ear ; heed's 
interior or terminal; hinge edentulous , straight ; area 
impliidetic , longitudinally grooved 3 ligament paiimn- 
mlar (?) Adductor scars sub-egual; hyssal notch distinct 
Silurian to Jura. 

Myalma de Kon. Shell thick, oblique, with deep 
idductor seal's anteriorly under the terminal beaks. 

Silurian and Devonian, 

Hoplomytilus Sandb.; Mycdinoptera Frecli ; Ptycho- 
lesnia , Mytilops and Modiella Hall. Devonian. Leio- 
nyalina Freeh ; Aphanaia , Posidoniella de Kon. ; Liebea 
tVaagen ; Atomodesma Beyr. Carboniferous. 

Pergamidea Bitt. Thick-shelled, equivalve, inflated ; anterior auricle distinct, 
karply truncated ; hinge margin notched below the beak. Trias of Asia Minor. 

Mysidici Bitt. Anterior ear reduced. Trias. 



Aucella Keys. (Fig, 684). Thin, inequi valve, inflated, small, concentrically 
vaved, sometimes with radial striae. Left valve larger, arcuate, with very small 

A anterior ear ; right valve flatter and smaller. Area short, 

striated, with a ligamental sulcus below the beak. Upper Jura 
/ ^ and Cretaceous ; distribution world wide. 


Family 23. Vulsellidae Adams. 1 

Shell Ostreiforni , not alate , monomycirian , edentulous , inequi- 
valve, with an alivincular ligament; byssus wanting; otherwise 
as m the Pteriiclae. Tertiary to Recent. A degraded type 
which has become specialised through commensalism with 
Sponges. * 

Vulsella Lam. (Fig. 685). Shell vertically produced, 
irregular, edentulous, with a triangular ekondrophore for the 
ligament. Eocene to Recent. 

Vulsellina de Rainc. Eocene. (?) Chalmasia StoL Creta- 
ceous. (? sub Ostreidae.) 


'I\\\ ''V / Superfamily 4. OSTRACEA Goldfuss. 

Shell degenerate , sessile , inequivalve , generally edentulous , 
685 wings obsolete; with a sub-nacreous or porcellanous inner and 

Vulsella caiiianch Zitt. prismatic outer layer ; epidermis inconspicuous ; area ampkidetic, 
Lower Eocene ; Mmich, ligament alivincular ; foot and byssus absent ; valves usually 
Egypt, -/s- close-fitting ; mantle lobes free, without siphons. 


Family 24. Ostreidae Lamarck. 

Shell distorted by early adherence to other objects ; monomyanan , the anterior 

1 DouvilU , 27., Etudes bur let-. Vul.sellitles. Ann. Paloont., 1907, vol. ii. 

VOL. I 2G 
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adductor absent ; edentulous , or with obscure schizodont dentition; dimyarian when 
young ; the foot obsolete or absent in the adult. Carboniferous to Recent. 


Ostrea Linn. (Rig. 686). Shell irregular, inequi valve, and with terminal beaks, 



with radial or foliaceous sculp time, usually discrepant on the two valves. Some species 
(0. viryinica, titan , gigantea , etc.) attain a very large size. Carboniferous to Recent. 

Alectryonia Fischer (Dendrostrea Swains ; Actinostreon Bayle) (Fig. 687). Left 
valve attached to roots or branches by clasping shelly processes ; both valves with 
strong, often divaricate folds and undulate margins. Trias to Recent ; maximum in 
Jura and Cretaceous. 

Gryphaea Lam. (Pycnodonta Fisch.; Gnjphacostrea Corn*.) (Figs. 688, 689). Left 



Fig. CSS. 


Gryphaea arcuata Lam. 
Lower Lias ; Pfohren, near 
Donaueschmgen, Baden. 



Fig. 689. 

Gryphaea, vrsicularis Lam. White Chalk ; 
Isle of Rugen. 


valve strongly arched, with incurved beak, sessile when young, later free ; right valve 
flat and opercular. Lias to Tertiary ; chiefly Mesozoic. 

Exogyra Say (Amphidonta Fischer ; Geratostreon , Aetostreon , Ehynchostreon Bayle) 
(Figs. 690, 691). Resembling Gryphaea , but the valves more equal, hinge with an 
obscure tooth, beaks of both valves more or less spiral, the pit for the ligament narrow. 
Upper Jura and Cretaceous. 
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Terquemia Tate ( Carpentaria Desl). Shell with a marginal ridge, sessile by the 
right valve ; left valve flatter, free. Trias and Lias. 



Exogyra coluwiba Lam. Greensand (Ceno- 
manian) ; Regensburg, Bavaria. 


Exogyra flabellatat (Goldfuss). Cenomanian ; 
Saint Paul Cloister, Egypt. 


Family 25. Eligmidae Gill. 

Shell thick , sub-equivalve , free when adult , resembling Ghalmasia in form , anteriorly 
with an irregular pedal gape ; edentulous , monomyanan , with the adductor seated on the 
free extremity of a myophore projecting from the umbonal cavity , othenoise like the 
Ostreidae. Upper Jura. 

Eligmus Desl. If the characters of this genus have been correctly interpreted, it 
can hardly be retained in the Ostreidae. Further investigation of the genus is 
desirable. 

Superfamily 5. NAIAD ACEA Henke. 

Shell of vaned form , normally equivalve and dimyarian; rarely alate; shell 
substance nacreous and prismatic , with a conspicuous epidermis; area obscure or 
amphidetic ; ligament parivincular , usually opisthodetic and external ; pallial lobes 
usually free , except for an anal siphon , the pallial line simple ; foot normally long , 
compressed , keeled ; byssus obsolete ; young usually with a distinct nepionic stage ; station 
usually fluviatile or lacustrine. 

Family 26. Cardiniidae ZitteL 

Shell equivalve , closed , with feeble concentric sculpture or smooth; dentition schizodont 
or obscure; ligament opisthodetic, external; dimyarian, adductor scars sub-equal, pedal 
scar feeble or invisible ; station marine or brackish water . Devonian to Trias. 

Amnigenia Hall Devonian (Catskill) of North America, and Rhenish Prussia. 

Garbonicola M‘Coy (Anthracosia King) (Fig. 692). Shell thin, oblong ; hinge 
with a blunt elongated cardinal, and a feeble posterior lateral tooth upon a thickened 
hinge plate. Common in the Coal Measures and estuarine Permian of Russia, also 
America and Africa. 

Naiadites Dawson (Anthracoptera Salter). Shell modioliform, obliquely triangular, 
with almost terminal beaks, straight hinge-line, striated hinge-plate, and superficially 
marked with flat concentric lamellae. Coal Measures ; North America and Europe. 
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Anthmcomya, Salter ; Asthenodonta Whiteaves. Coal Measures. Palaeonntela 
(Ohligodon) and Pcolaeanodonta Amalizky. Brackish Permian mails of Europe. 

Anoplophom Sandb., emend, von Koenen (Uni on a Polilig) (Fig. 693). Figlit valve 
with a blunt thick cardinal tooth fitting into a socket m the opposite valve. Left 
valve beside the socket has a long posterior lateral tooth. Trias (Lettenkohle) A. 
donacina Scliloth.; A. letticci (Quenst). 


A 



Fig. 692. 


A, Carhomcnla carbonaria (Goldfuss). 
Permian ; Niedersfcaufenbacli, near Kusel, 
Rhenish Bavaria. B, C. httnen (Ludw.). 
Coal Measures ; Hanmbalzeche, near 
Bochum, Westphalia (after Ludwig) 



Fio. 093. 

Anojilopho'ta Irttica (Quenstedt). 
Trias ; Fnedriehshall (alter Al- 
berti). 



Fig. 094. 


Tngonndns mndhrrgcn Alberti. 
Trias (Lettenkohle); Znnmern, 
Wurtemberg A, Hinge, from a 
gutta-percha cast taken from a 
natural mould i?. Natural mould. 

Vi- 


Tngonodus Sandb. (Fig. 694). Cardinal tooth strong, triangular, sometimes 
divided, short, oblique, anterior; two elongate laterals in the left valve, and one 
lateral in the right valve. Trias ; especially common in the Lettenkohle dolomite 
and the Raibl beds. 

Eeminajas Neumayr. Trias. H. (Myophoria) jissidentata Wohrmann. 

Pachycardia Hauer. Oblong or trigonal, concentrically striate or smooth ; beaks 
nearly terminal, curved, adjacent, with a lumule ; anterior end inflated, blunt ; 
posterior compressed ; two strong divergent cardinal teeth in each valve, the anterior 
on the right being weaker and nearly marginal ; each valve has also a long posterior 
lateral tooth. Alpine Trias. 

Oardmia Agassiz ( Thalassites Quenst) (Fig. 695). Oblong, thick, short anteriorly, 



Fig. 695. 

Cartlima hybrida Sow. Lower Lias ; Ohrsleben, near Halberstadt, Saxony. 


rounded. Cardinal teeth weak or obsolete, posterior lateral strong. Lower Lias, and 
reported also from the Dogger. 

(?) Nyassa, HalL Devonian. (?) Guerangena (Davonsti) CEhlert. Lower Devonian. 
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Family 27. Megalodontidae Zitlel. 1 


Shells equimhe , ,s ub-mytiliform, closed , with feeble concentric sculpture or none; di- 
my avian, with ampliidetic area , and external opisthodetic ligament, frequently supported 
by nymphae; cardinal teeth strong, ‘usually tico or three, with a posterior lateral, all 



Fiu. 696. 

Megalodon ( Eumcgalodun ) cucullatus Goldf. Devonian ; Pafirath, 
near Cologne. y v 



Fig. 097. 

Megalodon (Keomegaloilon) 
fi'iqwtt /• (Wulfen). Internal 
mould. Tnas dolomite ; 
Bleiberg, Carinthia. 



Fig. 60S. 

Megalodon ( Ncomgalodon ) gtimbcli Stoppam. Rhaetic ; Elbigenalp, Tyrol (after Gumbel). 


heavy and amorphous; anterior adductor scars distinct , with a well-marked myophoric 
ridge and pedal scar, the posterior adductor scars frequently bordered by an elevated 
crest. Marine. Silurian to Upper Jura. 

These shells, which are often very ponderous, sometimes bear a remarkable resemblance 
to some Recent American Uniones. The myophoric ridge is common to very distinct bivalves 
of many unrelated groups. The true position of these forms cannot be regarded as positively 
fixed as yet. Pachyrisma is thought by Bobm to be genetically related to Gardium, and the 
genus Megalodon may have been ancestral to primitive Chamacea. 

Megalodon Sow. ( Tauroceras and Lycodes Schafh. ; Gonchodon Stopp.) (Figs. 696-698), 

1 Gimibd, G. W., Die Dachsteinbivalven. Sitzungsber. Akad. Wiss. Wien, 1862, vol. xlv. — 
Hoernes , R. t Matenalen zu einer Monographic der Gattung Megalodus. Denkschr. Akad. Wiss. 
Wien, 1880, vol. xL — Buhm, G. Megalodon, Pachyrisma und Diceras. Ber. Naturforsch. 
Gesellsch. Freiburg, 1891, vol. vi. 
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Beaks prosogyrous ; hinge plate very broad and massive, without laterals ; the two 
cardinal teeth separated by a deep socket ; anterior adductor scar small, semilunar, 
in front of the anterior cardinal ; posterior scar longer, less distinct, situated on an 
elevated or thickened radial ridge. The oldest Devonian species (M. cucullatus Goldf.) 
has amorphous cardinals and a smooth rounded shell ( Eumegalodon ). The Triassic 
species sometimes attain a large size, have a radial posterior ridge, smooth teeth, and 
divided right posterior cardinal teeth (Neomegalodon Gumb.). They are extraordinarily 
abundant in the Dachstein limestone and Hauptdolomite of the Northern Alps, and 
are also plentiful in the Raibl and Rhaetic beds of the Southern Alps. 1 

Pachyrisma Morr. and Lyc. (. Pachijmegalodon Gumb.). Like Megctlodon , but with 
a larger anterior adductor scar, a rounded anterior tooth before the cardinals, and a 
strong posterior lateral. Trias to Upper Jura. 

Durga Bohm. Like Pachyrisma , but without an elevated area at the posterior 
adductor. Lias. 

Protodiceras Bohm. Lias. Dicerocardium Stoppani. Rhaetic. 

Megalomus Hall. Silurian ; North America. 

Family 28. Unionidae Fleming. 

Shell equimlve , dimyarian, typically schizodont , with pseudocardinals and laterals 
if dentiferous ; conspicuously nacreous; beaks usually sculptured ; ligament opisthodetic , 
external ; lobes of the mantle generally united to form an anal siphon , but the functional 
branchial siphon always incomplete below ; foot compressed , keeled , large, rarely with a 
feeble byssus ; usually dioecious; the young having a specialised prodissoconch 
( glochidium ) and a distinct nepionic stage. Fluviatile. Trias to Recent. 

Typical Uniones make their appearance in the Trias of Texas, but are not abundant until 
the Cretaceous and Tertiary. The origin of the family has been sought in the Trigoniidae, 2 
which have a very similar ontogeny as a group ; in Trigonodus 3 and related forms ; and by 
Pohlig in the Triassic Uniona. An older view recognises the Carboniferous Anthracosia and 
other Cardiniidae as probable ancestors. The weight of evidence is in favour of the latter, 
though there is much probability that each of these groups bears a certain amount of relation- 
ship to the present family, which will be better realised when more evidence is obtainable. 

Recent studies by Simpson and Ortmann of the anatomy of living genera of Unionidae 
have shown that considerable differences exist as regards the soft parts, more especially the 


Fig. 699. 

Unio stacUei Neumayr. Pliocene (Congerian stage) ; Sibinj, Slavonia, p t Adductor ; x, Pedal scar. 

marsupial apparatus (that part of the gills which contains the glochidia) and the shape of 
the glochidia. These differences permit of an improved system of classification for the 
modern forms, but as the shape of the shell is not at all correlated with the natural divisions 
indicated by the structure of the soft parts, it is impossible to apply this system with 
certainty to fossil Unionidae. 

Unio Retzius (Fig. 699). This, the typical genus, originally included also the pearl 

1 Tausch, L. von K fiber Conchodus, etc. Abhandl. jgeol. Reiehsanstalt, 1892, vol. xvi. 

2 Nexmayr, Uber die Herkunft der Uniouiden. Sitzber. Akad. Wiss, Wien, 1889, xcviii. 

3 Wohrrmnny S. von s Uber die systematische Stellung der Tngoniden und die Abstammung 
der Nayaden. Jahrb, geol. Reichsanst., 1893, vol. xliii. 
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mussel (My a margaritifera Linn.), in which, the posterior laminae of the hinge are 
obsolete. It shows in the majority of species amorphous, heavy, radial, pseudocardinal 
and lateral teeth on the hinge ; the shell is variable in form and ornamentation, some 
species having strongly marked sexual differences in the shelL Most of the species 
are pearly, with a conspicuous brown or greenish periostracum ; the anterior adductor 
scars are high, and the pedal scars conspicuous. 

Anoclonta Cuv. Valves thin, and armature of the hinge obsolete ; lives in still, 
muddy water. Tertiary and Recent. 

Margaritanct Schum. The pearl mussel, formerly associated with Mya and Unio, is 
anatomically intermediate between the Unionidae and Mutelidae. Tertiary and Recent. 

Family 29. Mutelidae Gray. 

Shell resembling that of the Unionidae , without pseudocar dinals and laterals; 
having , when dentiferous, an irregularly taxodont hinge armature; beaks unsculptured ; 
mantle lobes generally partly closed; siphons more complete. Nepionic stage (known 
only in a fevj South American forms) said to be represented by a Lasidium . Cretaceous 
to Recent. 

Spatha Lea. Elongated, inequilateral, with a short edentulous hinge. Living in 
Africa, and doubtfully present also m the Upper Cretaceous of Provence. 

Anodontites Bruguiere (Glabaris Gray) ; Leila Gray ; Monocondylaca and Mycetopoda 
d’Orb.; Mutela Scopoli ( Iridina Lam.); and Pleiodon Conrad. Recent. Two 
subfamilies, Mutelinae and Eyriinae , are recognised by Ortmann on the basis of 
structural differences in the soft parts. 

Family 30. Etheriidae Lamarck. 

Shell sessile , irregularly modified by adherence to other bodies , nacreous , with a 
tendency to cellularity of structure; edentulous; ligament amphidetic , parivincular , 
deeply sunken , with a large internal rcsilium , modified by the distortion of the valves ; 
young regular , equivalve, dimyarian ; the adult irregular , inequivalve , and either (1) 
monomyarian , or (2) with a very degenerate anterior adductor , or (3) with sub-equal 
adductors. Mantle lobes united only for the anal siphon ; foot degenerate or absent in 
the adult ; young byssiferous ; station fluviatile. Pleistocene and Recent. 

The young shell of Bartlettia has well-marked nymphae and internal resilium. The 
relationship of the Haiadacea to Pteria renders the remarkable resemblance of the adult 
Muellcria to Ostrea less surprising, since Ostrea is now known also to be derived from the 
Pteriidae. 

Etheria Lam. Ostreiform, attached to rocks in African rivers. Also Pleistocene 
of West Africa. 

Muelleria Ferussac ; Bartlettia Adams. Recent ; South American rivers. 

Superfamily 6. TRIGONIACEA Bronn. 

Shell equivalve , inequilateral , closed , dimyarian , not alate; shell substance nacreous 
and prismatic ; hinge teeth feu), sub-umbonal , typically schizodont ; area obscure or non&; 
ligament parivincular , opisthodetic , external ; gills filibranchiate ; mantle lobes usually 
free , but modified* on the posterior edges to form functional siphons without conjunctive 
partitions; pallial line usually simple; non-byssiferous, though possessing an obsolete 
byssal apparatus ; young without a distinct nepionic stage; dioecious; marine . 

Family 31. Lyrodesmidae Ulrich. 

Shell with the hinge armature radiating fan-like from beloio the vmbones ; teeth five 
to nine ; pallial line feebly sinuate or simple. Ordovician and Silurian. 

Lyrodesma Conr. (? Actinodonta PhiL). Shell oval, cardinal border narrow, with- 
out ligamentary area. Ordovician and Silurian ; America and Europe. 
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Family 3*2. Trigoniidae Lamarck. 


Shell with few hinge teeth (-|), the mantle lobes wholly free, but so applied to each 
other in life as to form functional siphons ; pallial line single. Devonian to Eecent. 


Schizocl us King (Fig. 700). Ovate or (juadrate, smooth ; lateral teeth not lluted ; 
anterior adductor scar with a small radial buttress. Abundant m the Permian. 


Myophoria Broun ( Neosclnzodus 
Smooth or radially sculptured, 
radial ridge extending from the 
downward to the basal margin ; 



Gieb.) (Figs. 701, 702). 
usually with a strong 
umbones backward and 
the sculpture on the areas 



Fxo. 70U. 


Srluzudit* ohsciinu > Sow. Zechstem; Nieder- 
rodenbaeli, near Hanau. A, Internal mould, 
l/l. £, Hinge, l/i (after King). 



Fig 701. 

Myoi>fou ta bun'ujala 
(Alberti) Schaumkalk ; 
Rudersdorf, neai Ber- 
lin. l/l- 


A IJ 



Myojiftnna dvvus^nta Munst. 
Upper Trias, St Cas.si«ui, Tyrol 
A, Exterior of light \ alve, i/ x . 
Ii, Enlarged view ot hinge. 




Fig. 703. 


Fio. 704. 


Trigania navi* Lam. Lowei Brown Jura ; 
Gundei shofen, Alsace, l/i i 


Ti ujnnia daedala Paik. Middle Cretaceous 
(Hervien) ; Meule de Bracquegmes, Belgium, l/i. 




Fro. 705. 

T) igonia costata Sow. 
Middle Jura ; Wurtemfcerg. 
l /> 


Fig. 700. 

Trigoma cf. ahfurum Park. Senonuui ; 
Vaels, near Aix-la-Chaxielle. Vi- 


Fi<i. 707. 

T) itjtmitb jif'rtmatfL 
Lamarck. Recent; Aus- 
tralia. Hmge, i/ x . 
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thus separated usually discrepant. Beaks mesogyrate, lateral teeth fluted, muscular 
scars buttressed by feeble ridges. Abundant in the Trias. 

Subgenus : Myophoiiopsis Wolmn. (Astartopsis Wuhr.). Trias. 

Triyonia Brug. (Pigs. 703-707). Siufaee sculptured -with nodulose ribs or rows of 
pustules, the posterior dorsal area usually discrepant with the rest Beaks opistho- 
gyrous, nearly terminal ; teeth striated ; adductor scars strong, with buttressing ridges. 
Lias to Recent ; abundant in Jura and Cretaceous, very spai&e in later horizons. 


Section D. Isodonta Fischer. 

Superfamily 7. PECTINACEA Reeve. 

Shell usually inequivalve . , flabelliform , more or less auriculate , ami monomyarian ; 
shell structure sub-nacreous , corrugated , and rarely prismatic, occasionally tabular ; area, 
when present, ampliidetic ; ligament amphidetic, alivincular ; gills filibranchiate, free, the 
filaments with or without a reflected limb ; mantle lobes free, without siphons , usually with 
ocelli, papillae , or other tactile prominences along the margin , and with an inner pro- 
jecting lamina (curtain) near the margin, at right angles to the plane of the valves; pallial 
line simple , foot small, usually sub-cylindrical, grooved, and byssiferous 3 usually mon- 
oecious; marine. 


Family 33. Pectinidae Lamarck. 


Shell inequivalve , inequilateral, auriculate, usually closed, monomyarian, usually 
free; area amphidetic or obscure; ligament obsolete extern- 
ally, the immersed portion forming an internal resilium, 
provinculnm taxodont in the very young , obsolete later, the 
crural teeth feeble or not developed. Silurian to Recent. 

Aviculopecten M‘Coy (Fig. 708). Shell pectiniform, 
radially sculptured. Hinge margin long, feehly auriculate; 
ligament m numerous shallow grooves radiating to the 
amphidetic margin of the area. Silurian to Carboniferous. 



Subgenera ; Pterineopedcn Hall ; Orbipccten Freeh ( Lyrio - 
pccten Hall). Devonian. 

Grenipecten Hall (Pernopecten Winch.). Like Aviculo- 
pecten, hut with a taxodont hinge. Carboniferous, 

The preceding genera lead up to the prototypes of Pteriidae 
as a radical for the present family. 

Pecten Miiller (Vola Morcli ; Janira Sclnun. ; Neithea 
Drouet) (Fig. 709). Shell nearly equilateral, very inequi- 
valve, sub -symmetrical, with well -developed, sub -equal 
ears ; one valve (usually the right) more convex than the 
other; interior of the valves not lirate; hinge with a 
strong medial internal resilium, on each side of which 
interlocking crural ridges and grooves radiate in the 
adult ; byssal notch inconspicuous. Cretaceous to Recent. 


Fn;. 70S. 

Avieufapeetm pf\/nji ureus Sow. 
Coal Measures; WVrden, West- 
phalia 



Fro. 709. 


The above diagnosis is of the subgejius Pecten s. s. In a pectin quinquenMn Sow. Ceno- 
wide sense all the species of Pecten are free and auriculate, and maman ; Rouen. 

without internal lirae. They have been divided into an ex- 
cessive number of sections according to the superficial shell characters, but these rarely 
march with anatomical differences, and cannot properly be regarded as of generic value. The 
aost familiar of the groups thus named are as follows : — 

Chlamys Bolten ( Pallium Sclnun.; Decadopedcn Rupp.) (Figs. 710, 711). Shell radially 
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sculptured, nearly equivalve, with small, unequal ears, and deep byssal notch with well- 
developed ctenolium. Trias to Recent. 

Camptoncctes Ag. (Fig. 712). Shell small, thin, nearly smooth, with fine divergent 
striation radiating from a median line. Jura to Recent. 



■ bIG * ,IU " ' ai * Pecton (Camjitnncctrs) lens Quenst Upper 

Pcctcn (Chlamys) suMextorius Pcden (Chlamys) vanus Lmn. Sow. Middle Jura ; Balm, Jmti ; Hohen- 
Goldf. Coral-Rag; Nattheim. Pliocene; Rhodes. near Cracojv. i/^. zollem. i/j. 


Entolium Meek (Fig. 713). Smooth, thin, with sub-equal ears diverging at a sharp angle 
above the beaks ; byssal notch obsolete. Carboniferous to Cretaceous. 

Pseudamusium Adams. Shell small, thin, glassy ; the posterior ear obsolete, byssal notch 
distinct. Cretaceous to Recent. Syneyclonema Meek is scarcely different. 


Amumm Bolten (Fig. 714). Shell with raised radial riblets internally; ex- 



Fig. 714. 

Amusium cristatus ( Bronn). Miocene Baden, near Vienna. Vi* 



Fia. 7X5. 

Ihnnitcs abject us (Phill.). 
Middle Juia; Balin, near 
Cracow, l/j. 


ternally smooth or delicately sculptured ; valves large, flattish, with sub-equal ears ; 
byssal notch inconspicuous or absent. Lias to Recent. 

Subgenus : Propeamusium Greg. Small, thin, abyssal ; often with relatively conspicuous 
sculpture, usually discrepant on the valves. Tertiary and Recent. 

Hinnites Defr. (Fig. 715). Shell free and Pectiniform when young, later adherent 
to other objects and more or less distorted. Trias to Recent. 

Pedum Brug. Shell with an alivincular ligament in an open groove and area like 
that of Spondylus in the adult ; the young like Chlamys. Recent ; sessile on corals. 


Family 34. Spondylidae Fleming. 

Shell inequivalve, nearly equilateral, closed, pectiniform, obscurely auricnlate, mono 
myarian; sessile; area amphidetic,much larger on the attached valve; ligament alivincular 
resilium more or less submerged ; bysms obsolete ; hinge icith a taxodont provinculum. 
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becoming obsolete in the adult and replaced by the typically isodont development of the 

crura ; otheiwise as in the Pectinidae. Trias to Recent. 

Plicatida Lam. (Harpax Park.) (Fig. 716). Shell 
compressed, with coarse radial, often divaricate 
/fi® JIB kfes. ribbing, a small area, and long shallow crenulate 

fi duxal teeth, diverging at a sharp angle. Trias to 

[I Recent ; maximum in Jura and Cretaceous, 

y ^j||gP Spondylus Linn. (Figs. 717, 718). Shell inflated, 

V with radial , often spiny or foliaeeous sculpture ; 


Plbcatula x>cctinoides Lam. Middle Lias ; 
Nancy, France. 



tesriM*:- \M 





fmfw* . S|fMHS 



Sjwndyhis tip moms (Sow.). Planerkalk ; 
Strehlen, near Dresden. 2/ 3 . 


Spondylus tcnuispina Sandb. Ohgocene ; Waldbockelheim, near 
Kreuznach, Prussia. Vl* 


attached valve with a conspicuous area ; crural teeth heavy, short, smooth. Jura 
to Recent ; maximum from the Tertiary onward. 

(?) Pachypteria de Koninck. Carboniferous. P. nobilissima (de Koninck). Pro - 

spondylus Zimmerm. Permian and Trias. Philippiella Waagen. Alpine Trias. 


Family 35. Dimyidae Dali. 

Shell inequivalve, irregular , closed, auricles not differentiated , Ostreiform , dimyarian , 
sessile ; shell substance sub-nacreous and 
fibrous ; area amphidetic , obscure; liga - 
ment obsolete , resilium alivincular , in- f ^ 
ternal; hinge armature taxodont, obsolete; f- '* 
crural development feeble ; gills fili- \ 
branchiate, the direct filaments not 
reflected; foot and byssus absent; an- 

tenor adductor distinct , mall; posterior FlG - 719 - 

fhi<r)7/>v 7nrn/>r Trio = in Pop Ant Dimya deshayesiana Rouault. Eocene; Pyrenees. Inner 

auplex, larger. 1 lias to llecent. and outer views of light valve, y 2 (alter Rouault). 

JDimya Rouault (. Dimyodon Mun,- 

Chalm.) (Fig. 719). The Recent forms inhabit deep water. 



Dunya deshayeslana Rouault. Eocene ; Pyrenees. Inner 
and outer views of right valve, 3 /j (alter Rouault). 


Family 36. Limidae d’Orbigny. 

Shell equivalve, auriculate, gaping , Pectiniform, monomyarian ; shell substance 
fibrous, with minute tubules, not nacreous or prismatic ; hinge edentulous, or with traces 
of taxodont armature; area amphidetic , equal in both valves; ligament alivincular, 





Fir.. 720. 

Limit, 2 wctinoules Sow. 
Lower Lias ; Balmgen, 
Wurtemberg. l/ lt 


Fig. 721. 

Luna (Plaqiostoma) yirjantca Sow Lower Lias ; 
Goppmgen, Wnitemberg. 2 /*. 


Linitun dujih - 
m/rt Goldf. Great 
Oolite; Langiune, 
Normandy. 




Fig. 724. 

Ctenostreon prubuschlea Sow Oxfordian ; Dives, Calvados. 


Ptagiostoma Sow. (Fig. 721). Smooth or finely striated. 

Limatula Wood (Fig. 722). Medially ribbed, laterally smooth, valves not gaping. 
Limaea Bronn (Fig. 723). Small, with taxodont armature at the angles of the 
hinge. Lias and Recent. 

Gtenostreon Eicliw. (Fig. 724). Compressed, irregular, thick-shelled, with coarse 
radial ribs. Upper Jura. Badiotella Bittner. Alpine Trias. 
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Superfamily 8. ANOMIACEA Herrmannsen. 

Shell monomyarian , not alette; edentulous or isodont , usually sessile . shell substance 
nacreous , tubuliferous , w£7& fmccs 0 / « prismatic layer; area obscure , usually small , 
cimpliidetic ; ligament obscure , «?£f7i an alivinculcir internal resilium: gills fihbranchiate, 
mantle lobes free; foot small , grooved , digitiform ; dioecious ; marine. 

1 Family 37. Anomiidae Gray. 

Shell variable, irregular and ineguivalve when sessile , byssiferous when young; in 
most genera the byssus becomes modified to a calcified or horny plug passing through 
a foramen in the right valve, and fastened to other objects , rr condition which mag be 
permanent or transient; area small , amphidetic; ligament amphidettc , wore or 7 ess 
internal , supplemented by an internal resilium , /or ichich the crura sene as chondrophores , 
ali- or multivincular ; hinge usually edentulous , rarely rugose , with amorphous inter- 
locking rugosities ; posterior adductor small , sub-central , ?/i f/ie sessile forms reinforced by 
the peclo-byssal muscles, which are modified for service as adductors. (?) Devonian. Jura 
to Kecent. * 

Awomm Mull Shell thin, sessile by the calcified byssus passing through a sinus 
or perforation in the right valve, conforming to the subjacent surface ; the left valve 
more convex, with four muscular scars on 
a central area; a chondrophore in the 
lower valve. Jura to Recent. 

(2) Liman omico Bouch. Devonian. 

Eypotrema d’Orb. Jura and Cretaceous. 

Placunanomict Brod. Miocene to Recent 

Garolia Cantraine. (Fig. 725). Shell 
orbicular, compressed, radially striated ; 
right valve with a byssal foramen nearly 
closed in the adult ; resilium much as in 
Anomia ; adductor scar single. Eocene ; 

Egypt. 

Subgenus : WaTeulUna Dali. Smooth ; 
byssal foramen obsolete ; the resilium received 
on diverging crura on the upper valve. Oligo- 
cene ; Florida. 

Placenta Retzius (P lacuna Brug.; 

Placunema Stol.; Pseudoplacuna Mayer). 

Shell free, orbicular, thin, very compressed ; 
the resilium with long, unequal crura. 

Tertiary and Recent. 

Ephippium Bolten. Like Placenta, 
but the shell radially waved ; young with a small byssal perforation, which becomes 
closed and obsolete in the adult. Tertiary and Recent. 

Placunopsis Morr. and Lyc. Shell rounded, imperforate, free, or sessile. Jura. 

Hemiplicatula Desk (Semiplicatula Fisch.) ; Saintia Rainc. Eocene. Par anomia 
Conrad. Ripley Group. Monia Gray. Miocene to Recent ; California. 

Section E. Dysodonta Neumayr (emend.). 

Superfamily 9. MYTILAOEA F&russac. 

Shell anisomyarian, usually equivalve, not alate or notched for a byssus, edentulous or 
dysodont ; shell substance sub-nacreous, rarely more or less prismatic , with a conspicuous 
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epidermis ; area arnphidetic or obscure; ligament pcirivincular , , usually opisthodetic and 
external ; gills usually filibranchicCte ; mantle lobes without ocelli , more or less free , 
generally with the anal siphon complete and the branchial incomplete ; foot small, digiti - 
form , grooved , byssiferous ; monoecious ; mostly marine. 


Family 38. Modiolopsidae Fischer (emend.). 

modioliform , usually cquivalve , /ree, £/mi, sub-equal adductor scars; 
ligament deep-seated; hinge edentulous or dysodont ; sometimes byssiferous. Ordovician 
to Cretaceous. 



The heavier forms show an obtuse ridge or two extending from the beaks toward the basal 
margin. The pedal scars are separate from and behind the anterior adductors. The forms 

included here appear to be 
the prototypes of the Myti- 
lidae, from which they differ 
chiefly in those characters 
that are common to most of 
the ancient types, such as the 
sub-equality of the adductor 
scars and their more dorsal 
situation. The recent Idas is 
very similar. 

Modiolopsis Hall (Fig. 
*726). Valves elongate- 
oval, closed, with nearly 
terminal beaks, narrow 
hinge plate, and edentulous 
hinge. Ordovician and 
Silurian. 

Modiomorpha Hall 
Similar, but with a wider 
hinge plate, and single, 
oblique, elongate, posterior 
ridge - like tooth. De- 
vonian. 

Myoconcha Sow. (Fig. 
727). Hinge usually with an elongate cardinal, and a long, weak, lateral tooth in 
the right valve ,* otherwise resembling Modiolopsis. Carboni- 
ferous to Cretaceous. 

(?) Hippopodium Sow. Thick, inflated ovate, concentric- 
ally waved. Hinge with a long, blunt, oblique, cardinal 
tooth, or edentulous ; adductor scars strong. Jura. 

Modiolodon , JVhiteavesia , Burymya , Aristerella , and Prolo- 
bella XJlrich ; Ordovician ; North America. Goniophora 
-Phillips. Silurian and Devonian. Orthonota Conrad. De- 
vonian. Orthodesma Hall and Whitf. Ordovician; North 
America. 

Family 39. Mytilidae Fleming. 

Shell equivalve , very inequilateral , heteromyarian , slightly 
gaping , typically dysodont ; area amphidetic or none ; ligament 
usually external , deep-seated ; rarely with an alivincular 
internal resilium ; pallial line simple; mantle lobes united 
below the anal siphon , othenvise free ; gmerally byssiferous. 

Devonian to Recent. 


Modiolupsis modiolans 
(Conrad). Ordovician ; Cin- 
cinnati, Ohio. l/j. 


Pig. 727 . 

Myoconcha, striatal a Goldf. 


Lower Oolite ; 
Bayeux, Calvados, i/i* 



Fig. 728 . 

Mytilus hul )laevis Sow. Great 
Oolite ; Mmchinhampton, Eng- 
land, i/i- 
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Mytilus Linn (Fig. 728). Shell elongated, thin, with terminal pointed beaks; 
valves wider and rounded behind, gaping a little for the by.-sns, smooth or radially 
sculptured, with smooth margins, conspicuous epidermis, and a thin nacreous layer ; 
hinge with a few small teeth under the beaks, or edentulous. Trias to Recent 

Pachymytilus Zitt. (Fig. 729). Shell thick, trigonal; the front margin deeply 

impressed. Upper Jura. 

Modiolus Lam. (Figs. 730, 731). Like Mytilus , 



Fig. 729. 

Partly mytilus prtums d’Orb Coral-Rag ; 
Coulaiigo-aur-Yonne. 2 /j. 


Fi<j. 730. 

Modiolus as- 
perns Sow. 


Fig. 732. 


Fig. 731. 

Modwlus ‘Liiibri- Lithophagn* inclusus (PkilL). 
Great Oolite ; cafus Sow. Middle Great Oolite ; Mmchinhamp- 
Langrune, Cal- Jura; Bulin, near ton, England. A, JD, Shell, 
vados. i/j. Cracow, Austria. i/i* Vi Mould of the burrow. 


but the beaks not terminal, edentate, anteriorly rounded and wider. Devonian to Recent. 

Subgenera : Modiolarict Loven. Small, radially sculptured toward the ends, usually 
smooth toward the middle, modioliform. Tertiary and Recent. Crenelles Brown. Small, 
rounded, radially sculptured all over. Tertiary and Recent. 

Stavelia Gray. Recent Valves spirally twisted. 

Lithophagus Meg. (Lithodomus Cuv.) (Fig. 732). Sub-cylindrical, with rounded 
ends ; perforating coral, limestone and other substances, in which the animal forms 
flask-shaped excavations ; moulds of the latter are often found in the fossil state. 
Carboniferous to Recent. 


Family 40. Dreissensiidae Gray. 

Shell mytiliform : equivahe , of prevailingly prismatic substance; area linear , amphi- 
detic; ligament sub-internal; anterior adductor and pedal protractors inserted on a 
myophoric septum ; mantle lobes united to form anal and branchial siphons , and also 
vmtrally with a pedal opening ; pallial line usually simple; gills reticulate ; othencise 
as in Mytilus. Tertiary to Recent. The relations of this family are in question. 

Lreiss&nsia Van Ben. ( Tichogonia Rossm.) (Fig. 733). Smooth, without a pearly 
layer, with a single apical septum ; fluviatile and estuarine. Eocene 
to Recent ; Europe. 

Mytilopsis Oonr. Mytiliform, small, thin; myophore for the 
pedal protractor distinct from that which supports the anterior 
adductor. Tertiary and Recent ; America. 

Congeria Partsch (Fig. 734). Sub-quadrate, heavy, large; Fig. 733. 
myophores as in Mytilopsis. Very profuse in the Neocene of Eastern preisseusia brardi 

Europe (Congeria beds). We?ienau Mi0e near 

Dreissensiomya Fuchs. Notable for being the only example of the MayencS U ’ Vi- n6ai 
Mytilacea with a distinct pallial sinus. Miocene ; Eastern Europe. 

Septifer R4cluz. Valves with strong radial or divaricate sculpture. Marine 
Tertiary and Recent. 
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The Becent families, Juliidae and Modiolarcidae, if their validity be confirmed, 



Fi<i. 734 

Coagt i'u t s uhglohwi (Partsch) Upper Miocene ; Inzeisdorf, near Vienna. 


may find a place in this vicinity. Julia Gould (. Prasina Desh.), and Berthelinia are 
reported from the Tertiary, the former in the Oligocene of Florida. 


Order 2. ANOMALODESMACEA Dali. 

Superfamily 1. ANATINACEA Dali. 

Anomalodesmacea with \/-shapecl reticulate gills not secreting a calcareous tube exterior 
to the shell . 

This rn-oup is divisible into sections as follows : — {a) Eusiphonia, with long siphons, and 
the lithodesma, when present, at the anterior end of the internal resilium, and external to 
the mass of the resilium ; and (b) Addosiphonia, with short siphons, the lithodesma dividing 
the mass of the resilium mesially. 


Section A Eusiphonia. 


Family 1. Pleuromyacidae Zittel. 

Shell slightly ineguivalve , hinge with an obscure projection or edentulous, the cardinal 
border of one valve covering that of the other valve , which is supplemented by a sort of 

laminar nymph, the ligament sub-internal behveen 
them; area inconstant or obscure; pallial sinus 
present; xalves closed or slightly gaping. Trias to 
Lower Cretaceous. 

Pleuromya A g. (Myacites aunt.) (Figs. 735, 736). 
Posterior side longer, somewhat gaping, hinge 
margin with a thin horizontal lamina in each 
valve, the left inferior, the margin with a feeble 
notch behind the lamina ; ligament parivincular. 
Trias to Lower Cretaceous ; abundant, but seldom 

well preserved. 

Gresslya Ag. (Fig. 737). Like Pleuromya, but 
Pleuromya peregrina d’Orb. Upper Jura ; the right hinge margin projecting over the left, 
^iddf i/i. W ’ u? Hmge? SC0W ’ Internal anterior side short, vide; ligament parivincular, 

u almost internal, attached to an internal nymph- 
like callosity in the right valve, which appears as a groove on internal moulds. 
Abundant in the Jura, especially in the Lias. 



/^\ 


Fig. 735. 
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Geromya Ag. (F]g. 738). Cordate, inflated, with rather anteiioi, prosogyrous 

beaks ; hinge margin of the right valve 
superior, edentulous, but with a blunt 



Vlrumniya trnnisti mtu 
Ag. Middle Juiu, Zd- 
jaczki, Poland. Vl* 


(frcbdya latuustns 

Ag. Lower Oolite ; 
Tannie, Sarthe. 1 /!. 


I'emmyti ct auh n^ts Quenst. Middle Jura ; 
Kneutungen, Lorraine. Hinge, i/o. 


elongated process in front of an internal callosity. Chiefly occurring as moulds. Jura. 


Family 2. Pholadellidae Miller (emend.). 

Shells oho cate , usually attenuated behind and slightly gaping , hinge margin thin , 
edentulous, ligament parivincular, external; posterior adductor scar large . Paleozoic. 

Allorisma King. Elongate, arcuate, the pallial line sinuated, anterior side 
shorter, sometimes with a lunule ; sculpture strongest mesially. Carboniferous and 
Permian. 

Bhjtimya Ulrich. Elongate, sub-quadrate, concentrically waved, the waves 
stronger anteriorly ; sculptured on the posterior half with 
radiating series of granules ; lunule very narrow. Silurian. 

Pholadella and Cimitaria HalL Devonian; North 
America. 


Family 3. Pholadomyaeidae Gray. 

Shell substance nacreous and cellulo - crystalline ; gills 







rholatlo mya ■murchiboni Sow. 
Middle Jura; Piezchnow, Poland. 

Vi- 


Pholathmyn dcltoidca Ag. 
Middle Jura ; England, tya- 


Plioladomya puschi Goldf. Oligocene ; 
Tolz, Bavaria. 2/3. 


completely united behind, forming a septum below the anal chamber ; foot small , with an 
opisthopodium ; siphons long, united to their tips, not wholly retractile, naked ; ventral 
commissure of the mantle with a pedal and an opisthopodial foramen. Shell thin, equi- 
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valve, gaping, edentulous , or with an obscure suhmbonal tubercle; ligament, and 
resilium external , opisthodetic, seated on nymphae ; area obsolete or obscure, not amphi- 
detic; beaks entire; pallial sinus well marked; marine. Trias to Recent. 

Pholadomya Sow. (Figs. 739-741). Shell thin, sub-ovate, with radial and con- 
centric sculpture, inflated, and with rather prominent beaks ; hinge edentulous, or 
with an obscure thickening; scars feeble, pallial sinus moderately deep. In the 


Fin. 742. 

Gununnya duboisi A g. Inferior Oolite; Bajeux, 

Calvados. J, Shell, i/i* -B, Surface showing puncta- Homomya (Arcomya) calcafunnts Ag. Inferior Oolite ; 
tions, magnified. Les Moutieux, near Bayeux, Calvados. %. 

posterior dorsal region the radial sculpture is usually feeble or absent. Lower Lias to 
Recent ; formerly very abimdant, but now represented by a single species from the 
Antilles, P. Candida A g., and another from Japan. 

Procardia Meek. Includes those forms with an escutcheon. Jura. 

Goniomya A g. (Fig. 742). With Y-shaped sculpture. Lias to Cretaceous; very 
plentiful in Middle and Upper Jura. 

Eomomya A g. {Arcomya, Myopsis A g. p.p.) (Fig. 743). Distinguished from the 
typical Pholadomyas by its smooth or very finely sculptured shell, without ribs. 
Trias to Cretaceous. 

(?) Machomya, Plectomya Loriol ; Mactromya Ag. Jura and Cretaceous. 

Family 4. Anatinidae Dali. 

Soft pa?is like Pholadomya, the foot small and grooved, ventral foramina small, and 
the siphons with a horny integument, not entirely retractile. Shell sub-equivalve, truncate , 

or gaping behind, edentulous, the resilium internal bettveen 
two spoon-like chondrophorcs vertically directed and often 
supported by buttresses ; ligament obsolete or absent ; area 
obsolete; beaks transversely fissured; pallial sinus well 
marked ; monoecious ; marine. Jura to Recent 

nc ” 74 4 * Anatina Lam. ( Platymya , Cercomya Ag.; Plicomya 

StoL > 744 > Sllel1 thin ’ aearl y bivalve, eou- 
centrically but feebly sculptured, posterior side shorter 
than the anterior. J ura to Recent. Laternula Bolten, is a prior name. 

Periplomya and Anatimya Conrad ; Rhynchomya Agassiz. Cretaceous. 

Family 5. Periplomatidae Dali. 

Shell sub-nacreous, conspicuously inequivalve, nearly closed, edentulous; the resilium 
internal, between two anteriorly or vertically directed chondrophorcs, often buttressed, the 
lithodesma rarely wanting; ligament and area absmt; beaks fissured ; pallial sinus 
broad and shallow ; siphons separated to their bases, naked and wholly retractile ; mono- 
ecious; marine. Tertiary and Recent 
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Periploma Schum. Shell oval or rounded, smooth or with faint concentric striae ; 
lithodesma present. Tertiary and Recent. 

Gochlodesma Couth. Buttress of the chondrophore posteriorly directed ; no litho- 
desma. Pliocene and Recent. 

Bontaea Leach (Ligula p.p. Mont.) ; Tyleria Adams. Recent 
Family 6. Thraciidae P all. 

Shell earthy and cellulo-crysialline , not nacreous; ineqicivalve, thin , edentulous , often 
■: with a granular surface; ligament and resilium 
chiefly external, opisthodetic, parivincular , seated 
on posteriorly directed nymphae ; area absent , 
beaks usually entire; valves nearly closed , icith 
pallial sinus; mantle openings small; siphons 
long, separated to their tips, naked, monoecious ; 
marine. Jura to Recent. 

Thracia Leach ( Gorimya A g.) (Fig. 745). 

Shell smooth or concentrically striated, with 
granular surface, usually more or less rostrate. 

Trias to Recent. 

Gyathodonta Conr. Shell with oblique or 
angular waves of sculpture, otherwise like the 
preceding. Tertiary and Recent. 

Bushia Dali ; Asthenothaerus Carpenter. Recent 

Family 7. Myochamidae Dali. 

Shell very inequivalve , free or sessile , solid , sub-nacreous, edentulous , the dorsal 
margins of one valve overlapping those of the other, which fit into corresponding depres- 
sions in the shell wall; ligament amphidetic, external or absent; resilium internal, 
alivincular ; area amphidetic or obsolete , a false area formed on each side of the beaks by 
the flattened cardinal margin of the valves ; shell closed ; pallial sinus small. Tertiary 
and Recent. 

The gills and siphons of Myochama Stutchbury, which lives sessile on shells, are 
more like those of Thracia than of the Pandoridae, with which it has usually been 
associated. The anatomy of Myodora is unknown. Its minute area curiously recalls 
that of Spondylus, and it is free. 

Section B. Adelosiphonia. 

Family 8. Pandoridae Gray. 

Shell compressed, inequivalve, free, solid, with nacreous and prismatic layers; the 
dorsal edges of the valves overlapping, but not socketed , with dentiform crural ridges on 
either side of the resilium, but no true teeth; ligament amphidetic , external, obsolete; 
resilium internal, opisthodetic, usually reinforced on its anterior surface by a mesial 
elongate lithodesma; area none ; valves closed, beaks entire , pallial line simple; marine. 
Cretaceous to Recent. 

Pandora Brug. Diverging* crura without connecting lamellae; buttress and 
lithodesma absent. The subgenus Rennerleya has a lithodesma. Tertiary and Recent. 

Goelodon Carp. Crura of the left valve united by a transverse lamella. Glidio- 
phora Carp, has the hinge plate buttressed and a lithodesma. Tertiary and Recent 
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Family 9. Lyonsiidae Dali 

Shell inequivalve , thin , sub-ncicreous , edentulous; ligament obsolete , the resilium 
internal , uniting the edges of a long , mesial lithodesma to a narrow chondrophoric sub- 
marginal ridge on each valve; beaks entire , valves nearly closed , pallial sinus distinct ; 
marine. Tertiary and Recent 

Lyonsia Tuxton. Small, tliin, posteriorly elongate with delicate radiating sculp- 
ture. Tertiary and Recent. 

Entodesma Philippi. Recent. Actinomya Mayer. Eocene ; North America. 

Family 10. Lyonsiellidae Dali. 

Shell nearly equivalve , sub-nacreous , with a more or less distinct tubercle in front of 
the resilium on the dorsal margin; ligament obsolete , cartilage internal with a large 
lithodesma; area obscure or absent , beaks entire; valves almost closed; pallial sinus 
obsolete. Tertiary and Recent. 

Halicardia Dali ; Lyonsiella Sars. Chiefly Recent. 

Superfamily 2. ENSIPHONACEA Dali. 

Differing from Anatinacea by the formation of a calcareous tube , which may include 
one or both of the valves , and is usually furnished with a perforated anterior 
disk surrounded by a more or less complete fringe of small calcareous tubules. 

Family 11. Clavagellidae d’Orbigny (emend.). 

Shell degenerate , extremely specialised for a burrowing life ; valves 
nacreous, free when young ; when adult , one or both merged in a calcareous 
tube anteriorly discoid and fringed , with a narrow pedal foramen in the 
middle of the disk ; free valves edentulous , the ligament external , opisthodetic , 
supported by nymphs ; pallial line sinuate ; tube frequently mcrusted with 
extraneous material; marine. Cretaceous to Recent. 

Glavagella Lam. (Bryopa Gray ; Stirpulina Hoi.) (Fig. 746). One 
of the valves not attached to the tube and adductor muscles persistent. 
Cretaceous to Recent. 

Brechites Guett. {Aspergillum Lam.). Both valves merged in the 
tube, anterior adductor reduced, and the posterior obsolete. Pliocene 
and Recent. 

Superfamily 3. POROMYACEA Dali. 

Anomalodesmacea having modified foliobranch or lamellar gills , slightly 
or not at all reticulated , and frequently degenwate or even absent; valves 
free , without a calcareous tube external to them ; mantle lobes united , with siphons and 
a pedal , but no opisthopodial foramen ; the cartilage reinforced below by a lithodesma. 

Family 12. Euciroidae DalL 

Shell sub-equivalve , nacreous and cellulo -crystalline, externally granulose ; hinge 
with a strong tubercle in the right valve before the resilium , and the dorsal margins 
modified to overlie and underlie each other; ligament obsolete; resilium opisthodetic , 
internal with a strona lithodesma ventrallv : area obscure or absent : a depressed false 



Fig. 746 . 

Clavaqella 
caillati Desh. 
Eocene; Gng- 
non. 1/2 (after 
Deshayes). 
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lunule before the beaks , valves closed , pallial sinvs shallow, obscure; siphons short , 
separate ; marine. Tertiary to Kecent. 

Pecchiolia Menegli. Sliell heavy ; 1 >eaks spirogyrate, distant ; sculpture radiaL 
Eocene ; Alabama. Miocene ; Europe. 

Euciroa Dali. Recent, abyssaL 

The genera Verticordia Wood; Tngonulina d ? Orb. ; Haliris Dali; and if) Alio - 
pagus Stol. ( Hippagus Desh., non Lea) are included under the family Verticordiidae. 
Tertiary and Recent 


Family 13. Poromyacidae DalL 

Shell rounded , nacreous and cellulo -crystalline, granular or smooth externally ; hinge 
with obscure tubercles in front of the resilium; ligament external , opisthodetic ; resilium 
sub-internal below the ligament , with a small lithodesma ; area obscure or absent; a 
depressed false lunule in front of the beaks ; valves nearly or entirely closed ; pallial 
sinus small or obsolete ; marine. Cretaceous to Recent. 

Liopistha Meek ( Gymella , Psilomya Meek) (Fig. 747). Equi valve, oval, thin, in- 

- dated, concentrically or 
radially striated, gaping 
and compressed behind ; 
beaks prominent, in- 
curved ; hinge with a 
nymph and projecting 
process on each side ; 
ligament sunken, partly 
external. Cretaceous. 

(2) Basterotia Mayer Liopistha frcquens Zitt. Upper Cretaceous ; Gosan, Austria, i/x* 

( Eucharis Recluz, non 

P^ron). Valves sub-equal, closed, with a strong tooth in the right and two in the 
left ; surface granular ; form trapezoid. Miocene and Recent. 

Poromya Forbes (Embla Loven). Ovate, plump, surface granular ; pallial line 
irregularly widened, not sinuate. Eocene and Recent. 

Dermatomya DalL Surface smooth, with a conspicuous periostracum ; pallial 
line sinuate. Recent, abyssal. 

Getomya, Getoconcha Dali (Silenia Smith). Recent, abyssal 



Family 14. Cuspidariidae DalL 

Shell sub-equivalve , rostrate , earthy or cellulo-ci'y st allin e, rarely with surf ace granula- 
tions; hinge edentulous or with sub-umbonal tubercula- 
tion, sometimes buttressed ; ligament sub-internal , anterior 
to the beaks or obsolete; resilium internal , with a mesial 
or ventral lithodesma ; area amphidetic or obscure ; valves 
closed except at the tip of the rostrum ; pallial line simple ; 
siphons united; marine. Jura to Recent. 

Guspidaria Nardo ( Neaera Gray ; Bydena Wilton) 
(Fig. 748). Shell concentrically sculptured; hinge 
with a small posteriorly inclined chondrophore in each 
yalve, and an elongated ridge behind it; ligament always anterior to the beaks 
when present Jnra to Recent. 

Subgenera : Oardiomya Adams ; with radial sculpture and a posterior lateral tooth in 
the right valve. Lcionvya Adams ; smooth, with an anterior cardinal in each valve, and 



Cuspidaria cuspidata Olivi. 
Miocene ; Baden, near Vienna. 


Vi- 
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anterior and posterior laterals in the right valve only. Plectodon Carp. ; surface granulated. 
JRhinoclama I). and S. ; like Plcctodoii , but without cardinal teeth. Tropulomya D. and 
S. ; hinge with a buttress, one anterior cardinal, but no lateral in either valve. Halo nympho. 
D. and S. ; right valve with a single cardinal, no other teeth in either valve, a conspicuous 
posterior laminar buttress in each valve. Zuzoma Dali. Tertiary and Recent. 

My oner a Dali and Smith. Shell thin with concentric waves and sparse radial 
ribs ; hinge edentulous ; rostrum short, rounded. Recent, abyssal. 

(?) Corburella Lycett. Middle Jura. Spheniopsis Sandberger. Tertiary. 


Order 3. TELEODESMACEA Dali. 

A. Pantodonta. 

Laterals exceeding two m any one group. 

Family 1. Allodesmidae Dali ( Gycloconchidae Ulrich). 

Shell rounded; valves equal , free , closed , with feeble concentric sculpture; area 
linear , amphidetic ; ligament sub-external , parivincular , opisthodetic ; adductor scan 
sub-equal, pedal scars above and distinct from the adductors; pallial line entire; hinge 
with one or two lateral laminae on each side of the beak , the posterior below the ligament 
received into corresponding grooves on the right valve; cardinal teeth radially grooved > 
one or tivo in each valve , those in the right valve stronger. Ordovician and Silurian. 

This family, as suggested by Htfeumayr, probably exemplifies the first step in the develop 
ment of the Teleodesmaeean hinge. But it must be admitted that its amphidetic though 
linear area, the occasional multiplication to three of the lateral laminae, and the sub-ligament 
ary location of the hinder laminae, are very reminiscent of the prevalent Silurian Schizodont 
type, and the family can be admitted to the Teleodesmacea only as a probable ancestor, rathei 
than a perfectly developed type of the modern assemblage. 

Orthodontiscus Meek ( Gycloconcha Miller ; (?) Anodontopsis M £ Coy). Ordovician 
and Silurian. 

Allodesma Ulrich. Like Orthodontiscus , but more elongate, the beaks more 
anterior, the anterior adductor scar buttressed by a radial ridge, and the anterioi 
lateral teeth short or absent. Ordovician 

B. Diogenodonta. 

Laterals normally one or two , and cardinals three or less , in any one group. 

Superfamily 1. CYPRICARDIACEA Dali. 

Lobes of the mantle partly closed ventrally ; anterior lateral laminae absent , oi 
grouped with the cardinal teeth , short and obscure. 

Family 2. Pleurophoridae DalL 1 

Shell substance cellulo-crystalline ; valves equal, free, closed ; adductor scars sub-equal 
free from the pedal scars ; pallial line entire, or feebly sinuated ; area obscure ; liga 
ment external or seated in a groove, parivincular ; margins of the valves usually plain 
hinge with one left and two right posterior laminae, the anterior laminae absent or con 
fused with the cardinals ; tioo or three cardinal teeth in each valve, of which the posterior 
in both valves is sub-parallel to the dorsal shell margin , and in the right valve is usualk 
bifid. Mantle with a moderate pedal and two siphonal openings , the latter usually no 
produced into tubes. Devonian to Recent. 

' 1 Oyprinidae p.p. of authors, but this name cannot be used. 
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Tins family, so well known under the preoccupied name Cyprimdae, probably shared the 
same origin as the Astartidae, and the two do not definitely separate until the Jura. The 
position of the Paleozoic ancestors is necessarily doubtful, and they are placed differently 
by different authors. The group is divided into two subfamilies, Phuraphvrimc and 
Vemelhncte. 


Fleur ophor as King (Eig. 749). Elongated, sub-rectangular; beaks sub-terminal ; 
surface smooth, or with radial sculpture ; hinge with two cardinal teeth in each valve ; 



Fm. 749. 


Plenro)ihonis cnstutua King. Per- 
mian ; Byers Quarry, England. A, 
Shell, l/l (after King). U, Internal 
mould lroin Gera, Thuringia (after 
Gemitz). 



anterior adductor scars deep, with a buttress-like ridge behind it. Devonian to 
Trias ; especially abundant in the Permian. 

Gypricardella Hall (Microdon Hall); Mecynodon Keferst.; Cypricardinia Hall. 
Devonian. Astartella HalL Carboniferous. 


Anisocardia Mun.-Chalm. (Fig. 750). 



Rounded or trapezoid, plump, smooth or 
radially striate ; posterior slope some- 
times keeled ; hinge with a strong 
sometimes bifid right cardinal behind, 
and an anteriorly directed front cardinal; 



Venilicardia cord iformis, d’Orb. 
Gault ; Seignelay, Yonne. 


Fiit. 753. 

Vcniella tvmida Nyst. Crag; Antwerp. 


left valve with a forwardly directed anterior and a posterior cardinal tooth. Jura to 
Tertiary. 

Eoudairia Munier-Chalm. Like Trapezium , but with a sharp keel and smooth 
area behind, anteriorly with concentric ridges ; right posterior cardinal bifid. Upper 
Cretaceous. 
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Trapezium Humph, emend. Megerle (. Libitina Solium. ; Gypriccirtha Lam.). Shell 
elongate, trapezoidal, concentrically, or more rarely radially sculptured, often with a 
posterior keel ; three cardinal teeth in eacli valve, the jiosteiior m the right valve 
often bifid. Jura to Recent. 

Plesiocyprina Mumer-Chalm. Jura. Gicatrea Stol. Cretaceous. Goralliophaga 
Blainv. Tertiary and Recent. 

Arctica Schum. ( Gyclas Brug. ; Gyprina Lam.) (Fig. 751). Oval or rounded, in- 
flated, concentrically striated ; beaks prominent, curved, cardinals three in each valve, 
the left posterior often bifid, the middle left cardinal largest, and the posterior ridge-like. 
Abundant in the Jura and Cretaceous, and represented by one or two living species. 

Venilicardia Stol. (Fig. 752). Cretaceous. Pygocardia Mun.-Chakn. Tertiary. 

Veniella StoL ( Venilict Morton; (?) Goniosoma Conr.) (Fig. 753) Left valve with 
the anterior cardinal strong, sub-triangular. Cretaceous and Tertiary. 


Superfamily 2. ASTARTACEA Dali. 

Lobes of the mantle free ventrally ; lateral laminae obscure , when present distant 
from the cardinals. 


Family 3. Curtonotidae Dali. 


Shell short and Jieaiy, with sub-terminal beaks; valves free , equal , closed ; area 
obscure; ligament as m the Astartidae; adductor scars , especially the anterior , deep; 
pallial line simple; hinge plate broad , without lateral laminae; the formula, of the 


7 . 7 L0101 L010 


Devonian and Carboniferous. 


This group is inserted conformably with the opinion of Neumayr, who regards it as the 
radical of the Astartidae. 

Gurtonotus Salter. Oval, cardinal border thick, with one very strong tooth in the 
left, and a strong anterior and thin posterior tooth in the right valve. Scars of the 
adductors strong, especially the anterior. Devonian ; England. 

Prosoeoehis Keferst Devonian. Protoschizodus de Ivon. Carboniferous. 


Family 4. Astartidae d’Orbigny (emend.). 


Shell substance cellulo-crystalline , with a pronounced epidermis; shell rounded or 
sub-triangular, usually with concentric or not radial sculpture; valves equal or sub-equal , 
free , closed; area distinct; ligament and resilium external , parivincudar , opisthodetic; 
beaks prosocoelous ; adductor scars sub-equal, with a distinct anterior pedal scar ; pallial 
line simple; hinge plate distinct , hinge with anterior and posterior 
lateral teeth and their respective sockets , usually more or less obsolete; 
cardinal teeth not bifid at the summit , the terminal teeth frequently 
obsolete. Lobes of the mantle free ventrally, not produced into siphons. 
Fig. 754. Trias to Recent. 



Astarte voltsi Ziet. 
Middle Jura; Gun- 
dersliofen, Alsace. 

V* 


Astarte Sow. ( Grassina Lam.) (Fig. 754). Roundly triangular or 
oval, rather compressed, thick ; smooth or concentrically sculptured ; 
lunule impressed ; right anterior cardinal strong. 


A number of genera have been associated with Astarte which probably belong elsewhere. 
The following snbgenera, however, are worthy of recognition ; Coclastarte Bolnn, Frcconia 
Stol. ; Gmssmclla Bayle, non Guppy (Fig. 755); Prorokia Bohm. Jura. Eriplnyla Gabb. 
Cretaceous. Grotriania Speyer ; Goodullia Turton (Fig. 757) ; Rhcctoeyma Dali ; Digitaria 
Wood (Fig. 756). Tertiary and Recent. 
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Opis Defr. (Pig. 758). Trigonal, cordate, smooth or concentrically striate; Leaks 




B 



Flit. 750. 

Digitar i 'profunda Desk. 

(as JTuDiha). Eocene ; Aizy, 
near Laon. A, Hinge, en- 
larged. B, Shell. 

prominent, prosocoelons ; lunule very deep, bordered by a keel ; 
cardinal teeth long, narrow (2:1). Trias to Cretaceous. 

Opisoma Stol. Jura. Seebachia Neumayr. Cretaceous. 


Fiu. 755. 

Astartc i ibhqua Desh. Intenor 
Oolite ; Bayeux, Calvados. 



Fn,. 757. 

Adaitr (GoodaWa) 
Mitum* Defr. Eocene; 
Grignon, near Pans 
(after Desliayes). 



Fig. 75S. 

0)i L* goldfus&iana 
d’Orb. Upper Jura; Nat- 
theim. Wurtembprg. 


Family 5. Crassatellitidae Dali 

Shell as in the Astartidae , but the valves always somewhat unequal , and usually 
more or less rostrate , the beaks compressed, erect or opisthocoelous : ligament internal, 



Fio. 759. 

Crassatdlitcs plumbed (Chem.). Eocene (Calcaire Grossier) ; Damery, near Epemay. 2/ ;j . 


more or less obsolete , rmUvm large , wholly internal , attached at each end to a chondro- 
phoric pit in the hinge plate behind the cardinal teeth ; lateral teeth and sockets usually 
alternated in the valves , the hinge plate heavy , flat ; the posterior cardinal in the right 
valve very small or obsolete , with no distinct socket in the opposite valve ; full cardinal 

formula Lower Cretaceous to Recent. 

The earlier forms of this family have a small resilium close to the nearly marginal liga- 
ment. With time, later ones show a gradual descent of these organs, until in some of the 
more specialised modern representatives there is no appreciable ligament remaining, and the 




474 MOLLUSC A phylum yi 

resilium has become large and deeply immersed. The parallelism between this group and 
the Mactridae, in the gradual immersion of the ligament, could hardly be 
more complete. 

Grassutellites Kruger ( Gmssatella Lam. 1819, non Lam. 1799) 
(Figs. 759, 760). Cretaceous to Recent . ; represented by about seventy 
fossil and forty living species. 

Triodonta Koenen. Oligocene. Bcambula Conrad ; Bemondia 
Gabb ( Stearnsia White) ; Anthonyiu Gabb ; Crassatellina Meek. 
Cretaceous. 

(?) Ptychomya Ag. Like Grassatellites , but with radial sculpture 
and three cardinals in each valve. Cretaceous. 
bro/nV sa Menan" Gmssinella Guppy, non Bayle ( Gouldia auct., non Adams; 
helm C near Aize 1 ' ^ >seu ^ er W^fi a ' Fisch.). Small, sub -triangular, very compressed, con- 
i/v ’ Ze} centrically ribbed. Tertiary and Recent. 



Fig. 7G0. 



Superfamily 3. CYRENACEA Tryon. 

Gypricardians which have become specialised for fresh or brackish water conditions , 
and, as usual in such cases , have developed great variability of character ; usually vivi- 
parous. 


Family 6. Cyrenidae Gray. 

Shell porcellanous , with a conspicuous epidermis , usually with concentric sculpture; 
valves equal , free , closed , usually with plain margins ; area obscure or none ; ligament 
and resilium external , parivincular , opisthodetic ; adductor scars sub -equal, separate 
from the pedal; pallial line simple or with a small sinus; hinge with anterior and 
posterior laterals usually double in the right , single in the left valve , distinctly separated 
from the cardinals ; cardinal teeth bifid at the summit , three in each valve when none 
are obsolete. Mantle open ventrally , the siphons distinctly developed , short , more or less 
united. Lias to Recent. 


Many of these forms merge with one another as'we recede in time. The Recent American 
forms and many fossils show a pallial sinus ; oriental species are generally without it. In 
some fossils the laterals of the right valve are not double. 

Gyrena Lam. Rounded, sub -equilateral, plump, concentrically sculptured, with 
smooth margins ; cardinals three, the laterals smooth. Lias to Recent (300 species) ; 
maximum in the Cre- 
taceous and onwards. 

Subgenera : Corbicula 

Megerle (Figs. 761, 762). 

Smaller than Gyrena , and 
the laterals sharply cross- 
striated. Egeta Adams. 

Compressed, elongated, 
thin ; almost rostrate. 

Recent ; marine. 



Fig. 761. 


Corbicula flummalis 
(Mull.). Pleistocene ; 
Teutschenthal, near 
Halle, Saxony. 


Corbicula scmistnata Desh. Oligocene 
(Gyrena marls) ; Flonheim, near Alzey. tyj. 


Batissa Gray. Like 
Gyrena , but the right 
anterior and left posterior cardinals feeble or obsolete ; anterior laterals very short, 
posterior ones elongated. Upper Cretaceous of Oregon, and living in Indo-Pacific 
region. 

Veloritina , Leptesthes Meek. Laramie Group. Villorita Gray ( Velorita Gray, 1847). 
Oligocene to Recent. The relations of the Recent Egeria Roissy, and Profischeria Dali 
(Galatea Brag., non Fabr. ; Fischeria Bernardi, non Desv.) are not positively fixed. 
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Family 7. Sphaeriidae Dali 

Shell as in the Gyrenidac , , but small , with a feeble , short ligament , a simple ’pallial 
line , and no hinge plate; cardinal teeth usually two in each valve , variable , very thin , 
often nearly parallel to the hinge margin or defective in part of the series; laterals as in 
the Gyrmidae, distinct. Upper Cretaceous to Recent. 

Spliaenum Scop. (Oijclas Lam., non Brug.). Branchial siphon complete ; shell 
equilateral, inflated, rounded. Upper Cretaceous to Recent. 

Subgenus Eupera Bgt. Shell compressed, trapezoid. Tertiary and Recent ; sub-tropical. 

Gorneocyclas Ferussac (Pisidium Pfeiff.). ; Shell inequilateral ; branchial siphon 
merged with the pedal opening. Eocene to Recent. 

Superfamily 4. CARDITACEA Menke. 

This group appears to have branched off from the Astartoid radical in the early 
Mesozoic, forming in one sense a sort of parallel series with the Astartidae, with which it 
is contrasted most obviously by its prevailing radial sculpture and prolonged posterior 
cardinal tooth. 

Family 8. Carditidae Gill 

Shell as in the Astartidae , but usually with radial sculpture , the pedal adjacent to 
the anterior adductor scar; ligament external, parivincular ; resilium usually included 
m the ligament , rarely internal; hinge fully developed , with the laminae as in the 
Astartidae , and 'usually obsolete ; the anterior cardinal often obsolete , the posterior pro- 
longed parallel with the dorsal margin even below the ligament Full cardinal formula 

RlOlOi * / dioecious, frequently viviparous. Trias to Recent 

The earlier forms approach the Astartidae and Pleurophoridae so closely that they can 
hardly be discriminated. 

Gardita Brug. Elongate, quadrate, with prominent, very anterior Leaks ; sculp- 



ture radial and usually imbricated, commonly with a lunule ; inner margins dentate ; 
cardinals long and oblique. Trias to Recent 

Palaeocardita Conr. (Fig. 763). Like Gardita , but with a posterior lateral 
tooth. Trias and Cretaceous. 

Venericardia Lam. (Fig. 764). Rounded or cordate; lateral teeth absent or 
obsolete. Cretaceous to Recent 
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Qarditamem Conr. Elongated, sub-mytiliform. Plcuromeris Conrad. Small, 
equilateral, trigonal Culyptoyena Dali Ovoid, smooth externally. Garditellci 
Smith. Small, with internal ligament All Tertiary and Recent. Thccaha Adams ; 
Milner ia Dali Females with a shelly marsupium. Recent. 

Superfamily 5. CHAMACEA Geinitz. 

Garditian forms specialised for a sessile habit , usually with exceptionally spiral 
growth , and icry unequal valves Marine. 


Family 9. Diceratidae Dali 1 

Resembling Ghama , but with the adductors usually borne on myophoric laminae , or 
projections which are prolonged into the umbonal cavity below the hinge plate; valves 
grotesquely distorted , sub-equal , mth prolonged and twisted unibones, or the free valve is 
reduced to an opercular foim, spiral , and even concave; the teeth often reversed relatively 
to their situation in Ghama. Jura and Cretaceous. 


This family has possibly been derived from the Megalodontidae of the Paleozoic and early 
Mesozoic, and m .turn has given rise to a branch that has survived to the present day 



Fio 705 

Dicn-as arictnuuu Lam Coral-Rag ; 
St. Mihiel, Meuse. 2/ 3 


A B 



Fiu 760. 


A, DiceiXLs art ct mum Lam Coral-Rag, St Mihiel, Meuse 
Fixed left valve, 2/ 3 B, D siitcli, Mun.- Chaim. Ti thorn an ; 
Strainberg Right valve, 2/j. a , a', Anterior and posterior 
adductor scars ; c, Mai or cardinal , d, Socket for left anterior 
cardinal; 7, Ligamentary groove; *?, Buttress ridge before 
posterior adductor scar. 


(Chamidae), as well as to others that became extmot at the close of the Mesozoic. In all cases 
the forms in which the umbo of the free valve is coiled have preceded more specialised forms 


1 For the Ghamacea and Rudistae, Neumayr proposed the term Pachydonta. For special litera- 
ture see : J Vittel, K. A. von. Die Bivalven der Gosaugebilde. Denkschr. Altad. Wiss. Wien, 
1S64, vol. xxiv.— Gemmella ro, G. G , Caprinellidi della Ciaca del elintorni di Palermo, 1865. — 
Munier-Chalmas, E., Prodrome d’une classification des Rudistes. Joum. de Conchyl., 1873, vol. xxi. 
— White, 0. A ,, Bull TJ.S. Geol. Surv., No. 4, 1884 ; No. 22, 1885.— DouvilU, E Several papers in 
Bull. Soc. Geol. France [3], xiv. p. 389 ; xv. p. 756 ; xvi. p. 699 ; xvii. p. 627 ; xvm, p. 324 ; 
1886-90 . — di Stefa.no, G., Studii stratigrafici e paleontologici sul systema cretaceo di Sicilia. 
T. Gli Strati con Caprotma Palermo, 1888. II. Calcan con Polyconites di Termim-Imerese. 
Palaeont. Ital., 1898, vol iv. — Futterer , K , Die Obereu Kreidebildungen der Umgebung des Lago 
di Santa Croce. Palaeont. Abh., 1892, n.s. vol. n.—Bohm, G., Beitr&ge zur Kenntnis der Kreide m 
den Sudalpen. Palaeontogr., 1894, vol. x\i.—Douville, H., Etudes sur les Rudistes. Mem. Soc. 
Geol. France. Paleontologie, i. iii., 1890-96. — Parona, 0. F., Sopra alcune Rudiste Senomane 
dell’ Appeuiuo meridionale. Mem. Accad. Torino, 1900, ser. 2, vol. I — Paquier , 7., Les Rudistes 
nrgomens. Mem. Soc. Geol. France, Paluont, 1903, vol. xi. — Toucas, B., ©aides sur la classifica- 
tion et Involution des Hippurites. tom. cit ., 1903, and vol. xxi. p. 506, 1891. 
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with an operculiform free valve. The highly modified Hippuritidae evidently indicate the 
last stage of the evolutionary series. 

Diceras Lam. ( Heterodiceras , Plesiodiceras Mum-Chalm. ; Pseadodiceras Gernm.) 
(Figs. 765, 766). Shell smooth, inequivalve, with both valves convex, the attached 
valve larger, dentition normal or inverse ; beaks prominent, prosocoelous ; ligament as 
in Ghama , supported on nymphae ; right valve with a small anterior and large 
elongated curved posterior tooth almost parallel with the hinge margin ; left valve 



Fu.. T67. 

A, ItrquieiLia amnion m (Goldf.). Urgonun; Orgon, Bouches-du-Rlmne. i/,». 11, L\ Small iiulxudiul oi 
It. (Toucabia) lonulolcL (Sow.), from same locality. B, Lett; C, Riglit vahe, Vi* 


with a single, large, ear-shaped tooth in front of the elongated socket for the principal 
tooth of the right valve ; posterior adductor scar on a projecting buttress. Upper Jura. 

Apricardia Gueranger. Cenomanian and Turonian. A. carinata Guer. 

Requienia Matheron (Fig. 767, A). Smooth, very inequivalve, attached by the 
spirally twisted beak of the left valve; right valve opercular, spiral, flat; teeth 
feeble ; posterior adductor scar buttressed. Lower Cretaceous, especially the Urgonian 
of southern Europe, the Alps and Texas. 

Subgenus Toucasia ]\Iun.-Chalm. (Fig. 767, B, C ). Differs from Rcqmcnia in having 
both valves keeled. Urgonian and Cenomanian. 

Matheronia Miin.-Chalm. Urgonian and Cenomanian. M. virginac (Gras.). 

Family 10. Chamidae Lamarck. 

Shell substance threefold , the inner layers porcellanous and tubular , the middle 
obscurely prismatic, the external cellulo-crystalline with reticulated tubules and an incon- 
spicuous epidermis; valves unequal , irregular , one of them sessile; closed , usually 
rounded in form with conspicuous sculpture , often differing in the opposite valves; 
adductor scars sub-equal , elongate , pedal scars minute , distant ; ligament and resilium 
external in a deep groove , parivincular , opisthodetic ; area distinct , prosodetic ; beaks 
more or less spiral, prosogyrous ; pallial line simple ; hinge plate heavy, arcuate ; hinge 
frequently with a minute or obsolete posterior lamina , chiefly in the fixed valve; 
cardinals one or two in the free valve, two with an intermediate socket in the fixed valve; 
the antenor cardinal broad , usually deeply grooved or multifid, the posterior simple , long 
and curved parallel with the dorsal border ; siphonal orifices not produced into tubes; 
adductors each composed of two elements. Cretaceous to Recent. 

Either of the valves of Chama may be the attached one, but the teeth in the fixed valve, 
whether right or left, are always the same, and similarly with the free valve. The fixation 
is generally by the left valve. 

Ghama Linn. (Fig. 768). JSTepionic shell rounded. Ligament sometimes continned 
to the point of the beaks, as in other bivalves with gyrate mnbones ; form rounded, 
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attaclied valve deeper and larger, the free valve flatter ; margins usually cross-striated, 
surface lamellar or spinose ; adductor scars large, not elevated. Cretaceous to Recent; 
maximum in Eocene. 





Fir,. 70S. 

Cluima sunamobti Lam. Eocene ; Hampshire. 1 h- 

Echinochama Fiseli. Nepionic shell elongated, having the form, hinge and other 
characters of Gardita ; attached when adolescent, free in the young and adult stages. 
Valves sub-equal and similar; surface vermiculate, spinose, with radial ribs Oligocene 
and Recent. 

Family 11. Monopleuridae Fischer. 

Shell substance without canals ; shell sessile , closed , very inequivalve ; free valve with 
the cardinal formula 101, operculiform or slightly spiral ; fixed valve with the formula 
010, conical , unrolled or spiral; area wanting ; ligament external , parivincular , 
opisthodetic. Cretaceous. 

Monopleura Math. (? Dipilidia Math.) (Figs. 769, 770). Very inequivalve, smooth 
or ribbed ; dentition always inverse ; attached by the right valve, which may be either 



Monopkum tnlobita dOrb. Neocoraian (Schrattenkalk) ; Orgon, Mtmoplenin vanans Matb. Ur- 
Bouches-du-Rhone. tyj. A, B, Anterior and posterior views. C, Interior gonian ; Orgon, Bouches-du-Rliune. 
attached valve. Interior of both alves. i/j. 

twisted or coniform ; left valve conical or flat ; ligament as m Ghama ; posterior 
adductor scar buttressed. Lower Cretaceous ; Southern Europe and Texas. 

Valletia Mun.-Chalm. Neocomian. Gyropleura Douvilld. Cenomanian to 
Senonian. Bayleia Mun.-Chalm. Tuionian. B. pouechi Mun.-Chalm. 


Family 12. Caprinidae d’Orbigny. 

Shell substance internally furnished with large parallel canals , the external layer 
prismatic; valves heavy, irregular , unequal, closed; free valve spiral, cardinal formula 
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101, with a posterior myophoric crest for the adductor ; fixed valve conical or spiral, 
cardinal formula 010 ; ligament in a deep groove , almost internal, parivincular, 
opisthodetic . Cretaceous. 

Caprina d’Orb. ( Gemmellarict Mun.-Clialm. ; Cornucaprina Putt.) (Figs. 771, 772). 


M 


Fio. 771. 

Longitudinal section of 
the hxed valve of Caprnia 
ath'Cfba, showing cavities m 
the inner shell layer. 


Cross-section 
of the free \ alve 
of Caprina com- 
munis Gemmel., 
showing parallel 
canals m the 
middle layer. 



Fi(i. 773. 

riagioj)tychuj> ay u ilium d’Orb. Upper Cretaceous ; 
Gosau, Austria. 2 


Very inequivalve, attached by tbe apex of tbe coniform right valve. Left valve large, 
spirally twisted ; inner layer of lower valve made up of concentric lamellae between 
which cavities are sometimes left. The middle layer of the free valve traversed by 
numerous simple, wide, parallel canals, extending from the margin to the apex ; tooth 
of the attached valve well developed, a series of depressions between the posterior 
adductor scar and the margin. Cenomanian. The typical species, C. adversa d’Orb., 
is of large size. 

Schiosia Bohm. Like Caprina, but the fixed valve somewhat gyrate and the 
canal system present in both valves. Cenomanian ; Upper Italy. 

Plagioptychus Math. ( Sphaerocaprina Gemm.; Orthopty chits Putt.) (Figs. 773, 



Hill 


Plagioptychus aguilloni (d’Orb.) (F. paradoxus. Math.). Upper Cretaceous (Hippurites Limestone); Le 
Beausset, Var, France. A, Bight. B, Left valve of the same individual, seen from within, 2 / 3 . a. Anterior ; 
a', Postenor adductor scar; l, Ligamentary groove; c, Anterior tooth; o', Posterior tooth of left valve; 
d, Socket ; a, Buttress. C, Section of the small valve near the margin, showing canals (y) of tlie middle layer. 
Magnified. 

774). Eight valve conical or twisted, attached ; left valve convex, with incurved 
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beak ; ligament as in Ghttma. Sliell structure like Capri na, but the free valve with 
canals in the middle layer ; the walls of the canals bifurcate outward, forming in 
section a fringe of peripheral minor channels (Fig. 774, G). Cenomanian and Turonian ; 
Europe. 

Gaprinula d’Orb. ( Ghaperia Mun.-Chalm.) (Figs. 775, 776). Right valve elongated, 

attached, conical or incurved ; 
left smaller, gyrate ; both with 
canal system, the peripheral 
canals smaller ; hinge as in 
Capri na. Cenomanian and 
Turonian, especially in Portu- 
gal, Sicily and Texas. 

Ichthy osar eolith as Des- 
marest (Gaprinella d’Orb.). 


Fin 777. 

Mass consisting ol Capuiti.ua 
sniustnnta and C. stnata 
ri’Orb., .and a smooth Spftaeni- 
htcH. Greensand ; Le Mans, 
Sartlio (aftei d’Orbigny) 

Cretaceous. Gaprotina d’Orb. (Fig. 777). Canals obsolete, replaced m some species 
by cavities. IsTeocomian to Turonian. 

Goralliochama, White. Right valve conical, elongated, attached ; left smaller, with 
incurved beak ; anterior cardinal tooth buttressed, strong ; posterior cardinal weak ; 
canals as in Plagioptychus , bounded within by a coarsely cellular layer ; lower valve 
with a prismatic outer and laminar inner layer, separated by an intermediate cellular 
stratum. Cretaceous ; California. 

Superfamily 6. RUDISTACAE (Rudistae, Lamarck). 

Chamacea in which the spirality of the valves has been lost , the area, and ligament 
vertically submerged, and the dorsal margins recurved over them so as to bring the ligament 
into a sub-central position above the teeth but far below the dorsal margin , where it finally 
becomes obsolete. The teeth, no longer forming a hinge but rather a clithrum, specially 
modified for the vertical motion of the operculiform left valve, in which rotation is prevented 
by the projection of the modified teeth into deep sockets m the fixed valve ; the latter conical, 
thick ; pallial line simple , enclosing the whole cavity ; shell structure specialised in two 
very different layers; sessile, marine. 

The prisms of the outer shell layer are parallel to the long axis of the valve, and are cut 
at right angles by numerous tabulae, which, together with the upper margin, often bear 
impressions of radial vessels. The laminae of which the inner layer is composed are often 
separated by cavities which recall the septa of Cyathophylloid Corals, or those cavities found 
in some oyster shells. In Eippurites the outer layer is traversed by a complex of canals. 
The Rudistacae are the most peculiarly modified of all Pelecypods. Their relationship to 
the Chamidae through Monopleura and Gaprotina was first recognised by Quenstedt, and 
afterwards confirmed by Woodward, Bayle, Zittel, Munier-Chalmas, Douville and others. 




Fio. 770. 


Cupi inula haijhi Gemm. 
Upper Cretaceous; Ad- 
dauran, near Palermo. Va 
(alter Gemmellaro). 


JL 



Fni. 770. 

Capnnula boii>syi d’Orb. Gross- 
section of the lowei (A) and upper 
(U) valves, c, Teeth ; s, Septum ; 
u, Body cavity; x, Sockets. 2/3 
(after Woodward). 
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Formerly the group was referred to the most diverse connections, such as Biachiopods, Corals, 
Cirripedes, etc., or placed in a special class by itself. 

The majority ot Rudislids occur gregariously m large numbeis, sometimes filling entire 
beds ; they are often found m their natural position, standing vertically on the apex of the 
attached valve. Notwithstanding their abundance, it is extremely difficult and often impos- 
sible to separate the two valves and expose the interior, hence the hinge of many species is 
still only imperfectly known. 


Family 13. Radiolitidae Gray (emend.). 


Shell substance with the external layer thicks prismatic ; the internal thin , cellulu- 
aystalline (frequently destroyed in fossilisation) ; valves very unequal, the ligament ary 
subsidence usually marked; free mlies with two projections and two somewhat irregular 
myophores ; fixed valve with one myophore and two sockets; summit of the valves sub- 
marginal in the young , subcentral in the adult. Cretaceous. 


a If 



Fiu. 778. 


a, 1), BadioUtes (. ISbradinlites ) coi nu-pastorU d'Orb. Middle Cre- 
taceous (Oarentoman) ; Pyles, near Pengeux. o, Shell with closed 
valves, B, G, The two more finely ribbed vertical bands, b, Interior 
of larger valve, viewed from above, a, a', Adductor scars ; m, Pallial 
line ; u, Space occupied by soft parts ; x, Empty space between the 
sockets, i/o (after Bayle). c, Opercular valve of JL bounioni (Desm ). 
Upper Cretaceous (Dordonian) ; St. Hametz, Dordogne, a, Anterior ; 
a', Posterior myophore ; c, c', Anterior and posterior processes of 
clithrum. 1/3 (alter Bayle). 




Fiu. 770. 


fyihaeruhtcs angewdes Lam. Upper 
Cretaceous ; Gosau, Austria, a, Shell 
with closed valves, 1 / 3 . b, Opercular 
valve, 1 / 1 . A, Sinus of hinge ; a, a', 
Myophores ; c, c', Processes of clithrum. 


BadioUtes (Lam.) Bayle (Biradiolites d’Orb.) (Fig. 778). Lower valve conical, 
erect, elongated, vertically ribbed, or made up of successive layers ; usually with two 
somewhat smooth bands extending from the apex to the upper margin, which are 
supposed by Douvilld to indicate the position of siphonal orifices ; outer layer very 
thick, composed of large polygonal cells or hollow prisms (Fig. 780). Upper valve 
operculate, flat or conical, with central or eccentric umbo. The clithrum is formed by 
two vertically projecting striated processes (Fig. 778, c, d) fitting into sockets near 
the outer wall of the fixed valve ; next to and outside of the sockets are two large, 
VOL. I 2 I 


482 


MOLLTJSCA 


PHYLUM \I 


unequal, slightly excavated adductor seal’s, corresponding to two broad myophores in 


the upper valve. Middle and Upper Cretace- 
ous ; Europe and Texas. 


Subgenera : Lapeirousia Bayle. The smooth 
bands correspond internally to tvo prominent 
tubercles. Synodontites Pirona. Has the two 
teeth of the upper valve fused. 

Sphaerulites Delam. (Radiolites, Bi rostrites 
Lain. ; Jodamia Defr. ; Dipilidia. ? Agna 
Math) (Figs. 779- 
781). Externally 
like Radiolites, but 
without the two 
bands; valves with 
a re-entrant sinus 
between the teeth, 
which fit into sepa- 
rate pits (d, d'), 
usually joined by a 
ridge with the 
inner margin of 
the sinus ; the two 



Fig. 7S0. 

Portion of tlie outer shell layer 
of the lower val\e of a Sphaci'U- 
life* or Radiolites showing the 
large hollow prisms. Cretace- 
ous ; Monte Gargano, Italy. Vi 



Fig. 7S1. 

Sphaerulites fuliaceus Lam Caientoman; lie 
d’Aix, Charente. J, Sinus of the lnngo. ri, a' 
Anterior and posterior adductor scars ; d s rf'] 
Anterior and posterioi grooved sockets for the 
processes of the upper vah e ; r, x', Empty spaces 
of the ligament pits , y, Cavity at the inner end 
of the sinus. 2/ 3 (after Goldfuss). 


depressions (Fig. 781, x, x') next the sinus were shown by Pet ho to have been the 
seat of a ligamentary connection between the valves ; the adductor scars (a, a!) resemble 
those of Radiolites. Widely distributed m the Middle and Upper Cretaceous. 

The supposed genera Dipilidia , Birostrites and Jodamia are based on internal 
moulds of Radiolites. The visible submersion of the ligament in some Radiolites 
enables us to understand how the stages shown by Hippurites have arisen. 


Family 14. Hippuritidae Gray. 

Shell substance of two layers , the external porous, grooved and punctate ; the inner 
lac unary and prismatic; exterior with sutures corresponding to an “anal” and 
branchial ” inflection, and sometimes with a ligamentary suture ; clithrum formed of 
two processes in the free valve, the adductors attached to myophores ; fixed valve with one 
thin laminar process ; the adductor scars excavated , the anterior adductor duplex, forming 
distinct scars. Cretaceous. 

Hippurites Lam. (Figs. 782-786). Lower valve cylindro-conic, sometimes a metre 
m length, attached by the- apex, smooth or longitudinally ribbed, with three furrows 
bounding two “ columns,” or columnar areas, extending from the apex to the upper 
margin (A, B, G). Upper valve depressed, conic, with sub-central umbo, usually with 
two round or oval foramina ; outer surface showing pores, the apertures of short canals 
which join larger canals radiating from the beak. The thick outer layer of the lower 
valve is usually brown-coloured and made up of thin horizontal strata, which are m 
turn composed of small vertical prisms. The white inner layer is porcellanous, and 
sometimes contains vacant spaces in the lower part of the shell. Three prominent 
folds are present, on the inner side of the shell, formed by the inbending of both 
layers of shell, and corresponding to the external grooves {A, B, G). Of these the 
anterior (A) is longer and thinner than the others, which are thickened at the internal 
end and carry a small tubercle above. In the two subgenera, Orbignyia Woodward 
(H. biloculus Lam.), and Batolites Montf'ort {H. organisans Lap.), the anterior sinus 
disappears entirely. In Pironaea Menegh., a number of accessory folds appear behind 
the two columns. According to Douville, the two posterior columns are homologous 




wtrf 


Hip) writes gomvu'iu>is 
Douv. Upper Cietace- 
ouh ; Gosau Valley, 
Austria Vo. 


L v,\ | 

LX I 


Fin. 7S3. 

Hippui ites oppeli Douville. Nefgraben, near Russ- 
bach, Salzburg A, B, C, Impressed lines bounding 
convex vertical areas (columns) corresponding to the 
region of the hinge. Vs- 


Hippuntes orijammns 
Montf. Vertical section 
ot a valve below the 
lmng chamber, show- 
ing the septa and mter- 
septal cavities of the 
middle layer. Vi- 


remains of tlie ligament have only been found in the bottom of the outer anterior 
sulcus, where it seemed to form a vertical band. The second adductor scar is small, 
and located between the sulcus and the anterior column ( B ). The clithrum of the 






Hippuntes / LuIiusHh Desm. Upper Cretaceous (Dordoman ) ; Royan, Charente. a , Upper valve (A, Sinus of 
the hinge ; B, C, Grooves corresponding to anterior and posterior columns of the lower valve ; c, Anterior, and 
<f, e", Posterior piocesses of the clithrum). &, Intenor of lower valve seen from above (A, Sinus ; B, C, Posi- 
tion of antenor and postenor columns ; a, a', Adductor scais; d, Socket of anterior, and d’, d", of posterior 
processes of clithrum ; u, Body chamber of shell ; x, Vacant cavity near the smus). 2/3 (after Bayle). 

upper valve is extremely difficult to prepare, and is known in only a few species. 
The anterior process shows near its base two tubercles (a, a!\ which correspond to 
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the divided adductor scar of the lower valve. Behind the anterior there are two 
supplemental processes, which are received into the 
sockets tV and d" of the lower valve. The species are 
abundant in the Middle and Upper Cretaceous, and occur 
chiefly in littoral shallow water deposits. The most 
noted localities are the Alps and Pyrenees, Provence, 
Charente, Istria, Dalmatia, Greece, Sicily, Asia Minor, 
Persia and Algiers 

Barrett ia Woudwaid. Cretaceous ; Jamaica and 
Guatemala. 

Superfamily 7. LUCINACEA Anton (emend.). 

rnhu Shell with the anterior adductor scar narrower , pro- 

Hippui'ites cornu- race inum Oroldl. < 7 

Upper Cretaceous; Gosau, Austria, duced ventrally ; posterior scar .shorter , rounded ; pallial 

valves a sho ving^he* 1 111 terlocting l*w simple, foot elongate, sub-clavate ; hinge feeble, teeth 
clithium and relation of the shell- radial , often obsolete. 
layers. ] /a 





Tancreilia securifunnis (Dunker). Lower Lias ; 
Hettmgen, Lonaine. l/i (after Terquein). 


Tancredui (Falaeo- 
mya) coralhna Zitt 
and Goub. Coral- 
Rag ; Glos, Calvados 


Family 15. Tancrediidae Fischer. 

Shell donaciform , eqm valve, with an external ligament ; the margin of the valves * 
entire ; hinge with posterior 
and anterior laterals , the latter 
inconstant; cardinals one in 
the left and two in the right 
valve , or two in each valve. 

Trias to Cretaceons, (?) Recent. 

Tancredia Lycett (Het- 
tangia Terq.; Palaeonxya Zitt. 
and Goub.) (Figs. 787, 788). 

Shell sub -arcuate, attenuated 
before the beaks, wider and 
shorter behind them ; obli- 
quely truncate and somewhat 
gaping posteriorly ; a cardinal tooth on each side, and also an elongated posterior 
lateral. Trias to Cretaceous ; maximum in Lias. 

(?) Meekia Gabb. Cretaceous ; California. (?) Hemidonax Morch ( Donacicardium 
Vest). Recent. 

Family 16. Unicardiidae Fischer. 

Shell cor di form, equivalve , closed , concentrically striated ; adductor scars elliptical , 
the anterior longer ; pallial line simple ; margin of the 
valve smooth ; ligament external , parivincular , seated in a 
groove ; with a grooved hinge-plate bearing a single obsolete 
cardinal in each valve , or none. Carboniferous to Cre- 
taceous. 

Unicardium d’Orb. (Fig. 789). Rounded, inflated, 
with incurved beaks ; hinge margin thin, with a weak 
cardinal tooth ; ligament deep seated. Trias to Cretaceous, 
Scaldia Ryckholt. Carboniferous. 

Pseudedmondia Fischer. Ligament completely external. 
Carboniferous. 



Fig. 7sy. 

Unicardium excentricum d'Orb. 
Kimmendgian ; Cap de la H 6 ve, 
near Havre. Vi* 
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Family 17 . Lucinidae Fleming. 


Shell substance porcellanous or chalky , usually with inconspicuous or dehiscent 
epidermis , rounded , variably sculptured 9 valves equal, free, closed , with low, prosocoelous 



Fir. 700. 

Lucina (MiltJia) gujantrn Desh. Eocene (Calcaire Grossier) ; Grignon, neai Pans. 


beaks ; adductor and pedal scars adjacent or distinct , the latter small; anterior adductor 
elongated, largely within the pallial line, which is not sinuate; area within the pallial 
line often granular or punctate ; cardinal area small, often deeply impressed; ligament 
and resilinm sub-internal , set in a deep groove, but usually more or less visible externally ; 
hinge-plate distinct ; lateral laminae distant from the cardinals , anterior and posterior 
in the right, with corresponding sockets in the left valve; cardinal teeth radial, formula 

the posterior tooth larger and often bifid, but any or all of the teeth may be obsolete 
or absent. Silurian to Recent. 


Pctracyclas HalL Rounded, tlnn-shelled, concentrically striated ; no lunule ; hinge 
unknown. Devonian. 

Lucina Brug. (Figs. 790-793). Rounded, convex or lenticular, usually with a 



Lucina ( Myrica ) coluiribella Lam. Miocene ; 
Steinabrunn, near Vienna. 


Lucina ( Prolucina ) prisca His. Silurian ; Gotland. 
Internal mould (after Roemer). 


lunule ; with delicate, concentric, or more, rarely radial sculpture ; dentition usually 
normal, the laterals developed. Represented Ly upwards of 300 fossil and 100 recent 
species, (?) Silurian, Trias to Recent 
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Subgenera : Lucina s.s Lam. 1799 ( Lonpes auct). Shell smooth Adult -with the teeth 

and posterior radial plication of the valve* obsolete. 

O Tertiary and Recent. 

Prolucma Dali (Fig. 792). Compressed, arcuate, 
almost rostrate ; the anterior side larger Silurian. 

Mnp'tm Turton (Fig. 791). Rounded, sub-equi- 
lateral; teeth and posterior fold present. Tertiary 
and Recent. 

Codale la Scopoli. Compressed, reticulately sculp- 
tured. Tertiary and Receut. 

Miltha Adams (Fig. 790). Compressed, nearly 
smooth ; laterals absent, cardinals long, feeble (3 : 2). 
Fit,. 793. Tertiary and Recent. 

Pharotdei jmlchra (ZItt and Goub.). Diiancclla Martens Rounded, inflated, valves 

Coral-Rag; Glos, Calvados. a/j. ornamented with angular divergent grooving. Ter- 
tiary and Recent. 

Phacoides Blainville (Fig. 793). Tertiary and Recent. 


Pliacoides Blainville (Fig. 793). Tertiary and Recent. 

Family 18. Corbidae Dali. 

Shell differing from the Lucinidae in being transversely oval , thick, i icith a heaiy 
hinge •plate, and usually well-developed laterals; two or three strong cardinals m each 



Fra. 794. 

Gonofhnmcllingi Hauer. Upper Trias ; Same am Predil, near Raibl, Tyiol i/i* 

valve ; the margin of the valves denticulate, and the exterior strongly sculptured ; ligament 
external, the adductor scars oval, and not projecting into the pallial area. Trias to 
Recent 

This family is an offshoot of the Lucinidae, with vlnch it is commonly united. 

Gonodon Scliafh. ( Coibis p. p. auct.) (Fig. 794). Rounded, plump, concentrically 

striated. Cardinals ^151 . sometimes a weak 
KulU 

posterior lateral present Trias and Jura. 

Gorbis Cuv. (Fimbria Megerle, non Bob.) (Fig. 
795). Thick-shelled, oval, inflated, reticulately 
sculptured ; each valve with two short cardinals, 
and anterior and posterior laterals ; adductor scars 
similar, sub-equaL Jura to Recent 





Coring lamcllovi Lam. Eocene (Calc&ire 
Grassier) ; Grignon, near Pans. i/ x _ 


Mvtirlla coarctata Zitt Turanian ; Gosau, Austria. 3/l 
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Sphaera Sow. (. Palarocurbis Conr.). Lower Cretaceous. Sphaeriola StoL Trias 
to Cretaceous. Fimbriella StoL Chalk of Britain. Corbicella Mor. and Lye. Jura 

Mutiella StoL (Fig. 796). Anterior cardinal border corrugated, upturned ; 
posterior rectilinear, horizontal, with a feeble lateral tooth. Upper Cretaceous. 

Family 19. Diplodontidae Dali. 

Shell sub-circular in outline , rarely nestling and irregular ; hinge with the laterals 
obscure or absent , and the valve margins plain ; the adductor scars continuous peripher- 
ally with the pallicd line ; soft parts like the Lucinidae , but with the external limb of the 
gills developed , and the anal foramen not tubular. (?) Jura, Cretaceous to Recent. 

Diplodonta Bronn (Fig. 797;. Thin -shelled, orbicular, convex, concentrically 
striate or pustulose ; cardinals 2 : 2, the left anterior and right posterior bifid ; 
laterals obscure or absent. Tertiary and Recent. 

Ungulina Daudin. Nestling and often ir- 
regular. Felania Recluz. Shell compressed ; 
feeble laterals present. Axinopsis Sars ; Sphae- 
rella and Tenea Conrad. Cretaceous to Recent. 

Family 20. Cyrenellidae Fischer. 

Shell as in Diplodonta , but with a con - Diplodonta Matuta ;PhilI. Pliocene; 

spicuous epidermis; pallial area smooth ; pallial 

line not sinuate; hinge without lateral laminae; the cardinals like Diplodonta , or 
with two cardinals in each valve soldered to each other dorsally ; cardinal formula 

RToTbLo’ ^ lG anier ^ or t ,e ft cardinal usually obsolete. Pliocene to Recent, in fresh and 
hrackisli water. 

Gyrenoida Joannis ( Cyrenella Desli.). Pliocene of Florida, Recent in the Antilles 
and West Africa. 

Joannisiella Dali. Hinge as in Diplodonta , resilium immersed, the larger cardinal 
bifid, the teeth not soldered above. Cardinal formula Recent ; Philippines. 



Family 21 . Thyasiridae DalL 


Shell substance earthy, with inconspicuous epidermis and prosocoelous beaks; valves 
equal , free , closed , with plain margins, smooth, or with feeble 
concentric striae, and usually with a radial posterior flexure; 
adductors Lucinoid, qmllial area often punctate ; ligament and 
resilium parivincular, opisthodetic, sub -external, seated in a 
groove ; area impressed; hinge feeble without lateral laminae, 
edentulous, or with an obsolete cardinal tooth in the right valve. 
Cretaceous to Recent. 



Fin. 79S. 

A, Thyti'iimsinuo'xi (Don.). 
Miocene *; Grand, near Vienna. 
Vi- T. unicurmnta Ny&t. 
Oligocene (Septaria - clay) ; 
Freienwaltle, near Berlin. 


Thyasira Leach (Crypiodon Turton ; Aocinus Sow.; Gon- 
chocele Gabb) (Fig. 798). Smooth, thin-shelled, living in 
deep water. Cretaceous to Recent. 

Philis Fisch. Lunule deeply indented, projecting spoon- 
like into the cavity of the valves. Recent. 


Superfamily 8, LEPTONACEA DalL 

The incurrent and excurrent openings between the mantle lobes at opposite ends of the 
body, the former anterior. 
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This group contains a great many commensal, nestling or parasitic forms ; if indepen- 
dent usually very active, crawling like Gastropods on a sub-reptary foot, and with the mantle 
edges more or less reflected over the valves. 


Family 22. Leptonidae Gray. 

Shell cellulo-crystalhne with a periostrcicum ; valves equal, free, smooth-edged , often 
gaping , variably sculptured ; adductor scars peripheral , subequal; pallial line simple ; 

area obscure or none ; ligament parivincular, opisthodetic , exter- 
nal, often obsolete; resilium usually internal , sub-umbonal or 
oblique ; hinge-plate narrow , channelled to receive the resilium ; 
hinge variable , typically consisting of one or two radiating 
cardinals and a pair of lateral laminae in each valve , the 
anterior laminae often absent , and the posterior frequently 
closely adjacent to the resilium , simulating cardinals. One 
Cretaceous, and a number of Tertiary and Recent species. 

Erycinct (Lam.) Fischer (Fig. 799) ; Kellia Turton ; 
Pythina Hinds ; Lasctea Leach ; Lepton Turton ; Erycinella 
Conrad; Spaniodon Reuss; Fabella Conrad, etc. Tertiaiy 
and Recent. 


Family 23. G-aleommatidae Gray. 

Shell without a perceptible epidermis ; valves equal , free , widely gaping ventrally , 
smooth or variably sculptured; adductor scars distant , oval , reduced ; pallial line 
simple ; ligament usually obsolete , resilium internal, sub-umbonal or oblique, attached 
to an excavated chondrophorc in each valve ; hinge -plate hardly 
developed ; laterals obscure or absent ; one or two cardinal teeth in 
each valve or none. Tertiary and Recent. 

Scintilla Desh. (Fig. 800) ; Galeomma Turton ; Passyia and 
Sportella Desh.; Hindsiella StoL ; Ephippodonta Tate ; Solecardia 
Conrad, etc. Tertiary and Recent. 

Fig. 800. 

Family 24. Ohlamydooonohidae DalL scintilla parmcnsis 

Desh Upper Eocene ; 

Shell cellulo- crystalline without an epidermis, comprising the ^fter*i)eshay^) riS ’ ^ 
prodissoconch with narrow, long, laminar accretions, venj small; 
valves wholly internal, not connected, contained in laterodorsal separate capsules, without 
hinge or hinge-plate , not attached to muscles or ligament ; ligament absent, resilium 
separately encapsuled between the obsolete valves, functionless. Recent; California. 

The genus Ghlamydoconcha Dali is evidently the last term in a series beginning 
with forms like Lepton, and continued hy Galeomma and Ephippodonta, but the 
specialisation has been carried so far that it may well be regarded as the type of 
a distinct family. 



C 


B 



Fig. 700. 


A, Eryrina jirllucida Lam. 
Calcaire Grossier ; Parnes. B, 
Hinge of E. fovntnh Desh. 
Lower Eocene ; Herouval. 
Greatly enlarged (after De- 



Family 25. Kelliellidae Fischer. 

Shell with a periostracum ; valves equal, free, closed, smooth externally with plain 
margins; pallial line simple; area obscure or none ; ligament external, parivincular ; 
resilium external or slightly sunken ; hinge plate narrow , entire, with one or two 
cardinals, qnd a single anterior latmil placed above the anterior cardinal teeth. Tertiary 
and Recent. 


CLASS I 


PELECYPODA 


489 


Kdliella Sars ; Lutetia Desli. ; (?) Allopcigu s' StoL ; Turtonia Alder. 
Recent. 


C. Cyclodonta. 


Eocene to 


Teeth arched , springing from below the hinge margin , icith the hinge-plate obscure or 
absent. 

Superfamily 9. CARDIACEA Lamarck. 


Lobes of the mantle free behind the siphons , foot elongate , geniculate; sculpture of 
the shell chiefly radial : cardinal teeth conical , the lateral laminae shorty distant from the 
cardinals 

Family 26. Cardiidae Fi>dier. 

Shell substance cellulo-crystalline, with the external layer more or less tubular ; valves 
equal , free gaping slightly behind , the heals prosocoelous, the margins usually serrate or 
radially striated; adductor scars sub-equal , the pedal distinct and usually distant ; 
ligament and resilium parivmcular, external , short , set in a groove; area obscure ; com- 
plete hinge armature consisting of an antenor and posterior lateral in the left , and two 



anterior and one posterior lateral in the right valve , any or all of which may be absent ; 
cardinal formula ^ ie ^ ee ^ 1 simple, smooth, never bifid , one cardinal in each valve 

usually persistent, the others inconstant Trias to Recent. 

Gardium Linn. (Figs. 801-803). Cordate, inflated, radiately ribbed or striated, 



Fin. SOS. 

Prutocardtn bifrons 
Reuss. Tnronian; 
Strolil- Weissenbach am 
Wolfgangsee, Austria. 

Vl* 



Fig. St >3. 

Curdium (Disco cs) discrepans Bast. Miocene ; 
Bax, near Bordeaux. Vl* 
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with prominent heats. Represented by about 200 recent and over 100 fossil species. 
Trias to Recent. 

A very large number of subgenera and sections have been proposed, based chiefly on the 
external sculpture. Some of the more conspicuous groups are the following : — 

Protocardia Beyr. (Fig. 802). Cretaceous. Discors Desh. (Fig. 803) ; Lctciirardnim 
Swains. ; Sc/ripcs Beck : Fragum Bolten ; Papyndea Swains. Tertiary and Recent. 
Didacna Eichwald, estuaiine, leads toward the next family. 


Family 27. Limnocardiidae Stoliczka. 



Like the Gardiidae, but thin-shelled , with long united siphons , a short 

foot , a jgtdlial sinus and obsolete 
hinge armature , living in 
brackish or fresh water. Ter- 
tiary and Recent. 

Adacna Eicliw. Shell 
elongate oval, truncate behind, 
gaping at both extremities ; 
siphons very long, pallial 
sinus deep. Miocene, and 
Recent in Caspian Sea. 
Limnocardium Stol. (Fig. 804). Cardinals weak, laterals strong, distant, pallial 
sinus moderate, shell closed anteriorly. In brackish Miocene beds, especially the 
Sarmatic and Pontic horizons of Eastern Europe, and in estuaries of the Aral, Black 
and Caspian Seas. 

Subgenera : * Prosodotcna Tourn. ( Psilodon Cob.) ; Monodacncu Eiclnv. ; Uniocardinm Capell ; 
Arcicardium Fischer. 


Fits. S04. 

Lnnnocardimi cnn jnngeus Partsch Pliocene (Congeri? Stage) ; 
Brunn, near Vienna. Vl- 


Superfamily 10. TRIDACNACEA Menke. 

Soft parts rotated forward nearly 90° with relation to the valves as compared with 
typical dimyarian Pclcnjpods, the anterior adductor wanting , and the posterior nearly 
central in the shell; cardinal teeth lamellar , oblique. 

Family 28. Tridacnidae Cuvier. 

Shell very densely porcellanous , with no visible epidermis; valves equal , free , with 
a byssal gape , radially sculptured , with serrate margins and prosococlous beaks; ligament 
and resilium as in the Cardhdae; hinge with a single oblique cardinal in each valve, a 
single posterior lateral in the left, and two in the right valve. Eocene to Recent. 

Byssocardium Mun.-Chalm. and Lithocardium Woodw., of the Eocene, are 
perhaps precursors of the Recent Tridacna Brug. and Hippopus Lamarck. 

Superfamily 11. ISOCARDIACEA Dali. 

Lobes of the mantle closed, except for the pedal and siplional openings, smooth, double- 
edged; foot short, compressed; sculpture of the shell faint or concentric ; cardinal teeth 
lamellar , parallel with the hinge margin. 


Family 29. Isocardiidae Gray. 

Shell substance cellulo-crystalline, the external layer not tubulate, with a marked 
epidermis; valves equal, free, rotund, completely closed, with plain margins and pro - 
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mi /lent prnsngyrous hectics ; adductor tears sub-equal ; pedal scar adjacent . area not dis- 
tinctly limited; ligament and resilium external, paririnciilar, set in a deep grooie , con- 
tinuous to the healcs : complete armature of the hinge icith an inconstant posterior lateral 
in each valve , and rarely , an anterior lateral close to the cardinals; cardinal formula 

the teeth lamelliform , and very variable in details of form. Jura to Recent. 

Many species have been referred to this group solely on account of their having gyrate 
beaks. The Paleozoic and many Mesozoic species so referred must be separated from 
Isocardm. 

Isocardicc Lam. (Figs. 805, 806). Inflated, smooth or concentrically striated ; 
beaks distant, much produced, prosogyrate. Jura to Recent. 




Fi(x. S05 

1 wear dm striata d’Orb. Portlandian ; Cirey, Haute-Marne (after Lorxol). 

Meiocardia Adams. Keeled, concentrically ribbed. Tertiary and Recent. 
? Glisocolus Gabb. Cretaceous ; North America. 



Fig SO 6. 

Hinge of Isneardia hinuluia Nyst. Crag ; Antwerp. 


Family 30. Vesicomyacidae Dali. 

Shell as in the Isocarcliidac , but with low and inconspicuous beetles , the valves more 
elongated , and the lunule delimited by a sharp groove; cardinal formula gJoYdlo* 
Tei*tiary and Recent. 

Gcdlogonia Dali. Pallial line deeply sinuated, and a distinct anterior lateral close 
to the cardinal teeth. Recent ; abyssal. 

Vesicomya Dali. ( Oallocarclia auct, non Adams). Rounded or Tapetiform, com- 
pressed, or not inflated, with low, inconspicuous, n 011 -gvrate beaks. Eocene and Recent. 

D. Teleodonta. 

The most perfected type of modern teeth , to which , in addition to the typical (10101) 
cardinal series of the ordinary Teleodesmacea , there is added in the onost specialised types 
( Veneridae , Madridae) either a roughened area (Venus), a series of extra cardinals 
(Tivela), or accessory lamellae (. Mactrd ), rendering the hinge more efficient, or complicated. 
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Venus dncta Eicliw. Miocene ; Gamfahrn, near Vienna. 


Fig. SQ9. 

March ix sunisulcata Lam. 
Eocene ; Gngnon, near Paris. 


Meretrh 3 Lam. ( Cytherea auct.) (Figs. 809, 810). Hinge •with lateral teeth, 
Macrocallista Meek ; Gallocarclia Adams ; Scwidoonus Conrad. Tertiary and Recent. 




.T7tV> 


Fig. S10. 

Meictrix Lnerassata Sow. Oligocene ; Weinheim, near Alzey. 


Fig. Sll. 

Circe eximiu 
Hoernes. Miocene ; 
Enzesfeld, near 
Vienna. 


Tivela Link. Hinge with supplementary cardinals. Miocene to Recent 
b. Circe Schurn. (Fig. 811). Gafrcirium Bolten. Umbones compressed, sculpture 
s — ^ often divaricate, ligament immersed. Tertiary and Recent. 

Subgenus Goutdia Adams. Small, concentrically striated. 
^ Eocene to Recent. 

Ptychomya Agassiz. 
Cretaceous. 

c * PwpMcb Bolten 
( Tapes Megerle ; Pul- 
-lastra Sow.) (Figs. 812- 
814). More or less 
elongate, oval, with 
narrow hinge - plate, 
divergent and often 
bifid cardinals, no la- 
terals, and deep pallial 

fig. sjl’j. sinus. Cretaceous to 

TJU. Q1 O 

Paphia gregaria Partsch. ‘ * Recent ; about 150 

Sarmatian Stage ; Wiesen, near Paphia ( Baroda ) fragilis (d’Orb.). 

Vienna. Upper Cretaceous ; Gosau, Austria. living species. 




Paphia (Baroda) fragilis (d’Orb.). 
Upper Cretaceous ; Gosau, Austria. 
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Of the numerous subgenera, Jhtroda (Fig. 813) and Isccuwtia (Fig. 814) Stol , from the 

Cretaceous, are remaikable for tlieir elonga- 
tion and the ridge-like form of the posterior 
cardinal. 

Oncophora Rzeliak. Differs from Tapes 
m having a very short pallial sinus, and 
the anterior adductor scar hounded by a 
ridge. Miocene brackish-water beds. 

Venerupis Lam. Cardinal teeth 2 : 
2-3, strong ; a borer or nestler, often de- 
formed. Tertiary and Recent. 
d. Gemma Desh. ; Parastarte Corn*. ; Psephidia Dali. Minute shells. Eocene 
to Recent. 



Fig. 814. 

Papina ( hcanotiu ) unpar Zitt. Upper Cretaceous ; 
Gosau 


Family 32. Petricolidae d’Orbigny. 

Valves , when not distorted , equal, free, somewhat gaping behind , radiately sculptured 
with plain margins and inconspicuous heals; posterior adductor scar laiger than the 
anterior, pedal narrow, elongated, distinct; ligament and resilium external; area 
obscure or not defined ; hinge without lateral laminae, with two or three small, usually 
bifid , radial cardinal teeth in each valve. Cretaceous to Recent. 

Petricola Lam. ( Choristodon Jonas ; Naranaio Gray) ; Petricolaria StoL 

The family Glaucoaiyacidae, of estuarine or fluviatile habit, appears to be related 
to Petricola, and includes the Recent Glaucomya (Bronn) Woodward, and Tanysiphon 
Benson. 


Superfamily 13. TELLINAOEA Blainville. 

Siphons distinct to their bases, usually long; pallial line sinuate ; ligament external, 
seated on nymphs ; hinge typically with an anterior and posterior lateral in each valve, 
two radial cardinals, of which the anterior is commonly bifid and somewhat pedunculated, 
and the posterior, as loell as the laterals, often obsolete. 

Family 33. Tellinidae Deshay es. 

Shell substance cellulo-crystalline, with an inconspicuous epidermis ; valves slightly 
unequal, free, rounded in front, more or less rostrate, oblique, and gaping behind, com - 
pressed, usually with smooth margins, low beaks, and variable, chiefly concentric sculpture ; 
anterior adductor scar larger, frequently irregular ; pedal distinct ; resilium embraced in 
the ligament, sub-external; area narrow, small , covered with a dark epidermis , or 
frequently obsolete ; hinge-plate narrow , anterior laterals approximate, posterior more 
distant from the cardinals , when present ; cardinal teeth small ; pallial sinus deep, 
discrepant in the opposite valves. Jura to Recent. 

Tellina Linn. Elongated, the rostrum more or less twisted ; two lateral teeth in 
each valve ; shell porcellanous. Jura to Recent. 

Subgenera: Tellina s.s. (Figs. 815, 816); Tdlidwa Morch ; Strigilla Turton; Lincaria 
Conrad ( Arcopagia d’Orb.) (Fig. 817), etc. 

Macoma Leach. Anal siphon long, branchial very short, hinge without laterals ; 
shell smooth, earthy, less elongated than in Tellina . Tertiary and Recent. 

Gastrana Schnm. ( Fragilia Desk). Miocene and Recent. 

Quenstedtia Mor. and Lyc. Long, oval, obliquely truncate behind ; beaks low, 
pallial sinus shallow, only a single cardinal tooth present. Jura. 
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Fig. 815 . Fig. 817 . 

Telluia planuta Lam. Miocene; Potzleinhdorf, relit m (Llaem 10) hi nidiata Zittel Upper 

neai Vienna Cretaceous ; Gosau, Austria. 


Family 34. Semelidae Dali. 

Resembling the Telliniclcte , but with the resdium internal, often on a, distinct chondro - 
phore, and with the laterals , when present , stronger and less distant. Tertiary to Recent. 

Semele Sclrum. (Amphidesma Lam.). Shells large, rounded, thick, often conspicu- 
ously sculptured ; 100 species. Tertiary and 

Recent. 

Gnmingia Sow. Small, tliin, with a spoon- 
like chondrophore ; habit nestling. Tertiary 
and Recent. 

Scrobicularia Sehum. Differs from Semele in Fig. sis. 

having no lateral teeth. Tertiary and Recent. - 4 &/a apehna (Ren.). Miocene; Grand, 

Abra Leach ( Syndosmya Recluz) (Fig. 818). Beai t J5rjDa ' 

Smooth, small, thin ; cardinals 2:2, an anterior and posterior lateral jjresent ; 
chondrophore narrow, oblique, not separated from the hinge line. Tertiary and 
Recent ; chiefly in deep water. 




Family 35. Feammobiidae Dali. 

Shell as in the Tellinidae, - but usually more 
equivoke and less hoisted , with more conspicuous 
epidermis and nymphs , broader hinge-plate , and 
a wider posterior gape; lateral laminae on the 



Psammobia effusa Deslu Eocene (Calcaire 
Grassier) ; Pames. 


Ptamiiosolen (Mocha) deshayesii (Desm.). Calcaire 
Grassier ; Grignon, near Paris, l/i- 
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hinge • wanting , unci the cardinals sometimes three in one valve ; ligament external and 
conspicuous ; no defined area. Tertiary and Eecent. 

Psammobia Lamarck (Gari Sclmm.) (Fig. 819). (?) Cretaceous. Tertiary and 

Eecent. 

Pliorhytis Conrad ; Asaphis Modeer ; Sanguinolctria Lam.; Tagelus Gray; Noi a- 
culina Benson ; Amphichaena Phil. ; Psammosolen Bisso, with suhgenus Macha Oken 
(Fig. 820) ; Azov Leach ; and Heterodonax Morch. Cretaceous to Eecent. 

Family 36. Donacidae Deshayes. 

Valves equal, free, s lib-trigonal, usually dosed, solid ; outer surface and inner margins 
smooth or radially sculptured, the posterior end usually shorter and obliquely sub-truncate ; 
pallial sinus similar in both lalvcs , resilium sub-internal, sometimes am phidetic ; 
ligament short, external, seated in a deep groove, episthodetic ; hinge-plate moderately 
developed, usually with a posterior and anterior lateral in the right, and corresponding 

sockets in the opposite valve; cardinal formula the strongest cardinal tooth often 

bifid. Lias to Eecent. 

The resilium is chiefly opisthodetic and sub-internal, but some of the large species have a 

small segment of the resilium separate from the rest, 
wholly internal, and in front of the beaks. 

Isodonta Buv. ( Bowerbya d’Orb.) Sub-symmet- 
rical, convex, laterals strong, pal lial sinus deep. J urn. 

Don ax Linn. (Fig. 821). Anterior side longer, 
laterals weak. Upper Eocene and Eecent ; about 
100 species. Subgenus Iphigenia Sebum. Eecent. 
j Egeria Lea. Lower Eocene. 

(J) Hemidonax Morch ( Donacicardium Vest)/ 

Superfamily 14. SOLENACEA Lamarck (emend.). 

Dwellers in soft sea-bottom , narrow, elongated, modified for burrowing, gaping at 
both ends ; foot elongated , distally modified to serve as a piston or stilt within the 
bicrrow ; siphons short ; hinge without lateral laminae. 

Family 37. Solenidae Leach. 

Shell substance as in Tellina, but the external layer shoioing its cellular structure 
more clearly ; with a pronounced epidermis; valves equal, free, usually truncate at both 
ends, and more or less inequilateral, with loio beaks, smooth margins, not rostrate, smooth 
or feebly sculptured ; adductor scars narrow, elongate, dorsally distributed, pedal distinct ; 
pallial sinus small in species with anterior umbones, and vice versa ; ligament and re - 
silium external, parivincular , seated on nymphs ; area obscure or none ; hinge-plate 
hardly developed ; hinge often with a thickened ray crossing the valves and serving as a 
buttress; cardinals varying from one to four in each valve, usually a single slender 
radial laminar cardinal in the right, and two in the left valve, with or without one or 
two placed parallel with the hinge margin, simulating laterals; radial teeth usually 
more or less pedunculated , rarely bifid. Devonian to Eecent. 

The Silurian forms heretofore referred to this family do not seem to belong to it, but 
Palacosolcn Hall is scarcely distinguishable externally from some modem forms ; its hinge, 
however, is unknown. The species of this family are mostly much modified for a special 
mode of life, hence the variability in certain features, such as the siphons, foot and ferma- 
ture of the mantle lobes. 

Bolen Linn. (Fig. 822). Scabbard -shaped, straight, with terminal beaks. Among 
the numerous subgenera are : Ensis Schum. ; Pharella Gray ; Geratisolen Forbes ; 
Siliqua Megerle ; Gultellus Schum. (Fig. 823). Tertiary and Eecent. 



Fig. 821. 

Donax luoida Eichw. Miocene (Sarmatian 
Stage) ; Wiesen, near Vienna. 
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Palaeosolen Hall Devonian.. Lcptosolm Conrad. Cretaceous. 




Fn,. S22. 

Solcn suhfiafjths Eichw. Miocene (Sarma- 
tian Statue) ; Pullendorf, Hungary. 


Fig. 8*23. 

('nihil us qi ujnuiunufis Desh Caleaire 
Grossier ; Grignon, near Pant,. 


Superfamily 15. MACTRACEA Gray. 

Besilium internal , seated on chondrophores , left cardinal tooth bifid, fitting below the 
two right cardinals , which are more or less joined together dorsally. Inner wall of the 
mantle behind the siphons exhibiting a laminar sense organ. 



Family 38. Mactridae Gray. 

Shell porcellanom , with an obvious epidermis , usually rounded-triangular, with 
smooth or concentrically sculptured surface , smooth margins , and prominent prosogyrous 
beaks; valves equal, free, usually with a slight posterior gape; area not limited; l lini- 
ment variably external or internal; resilium connecting sub-triangular chondrophures 
usually excavated out of the hinge-plate , rarely with a prop or buttress ; hinge-plate icell 
developed, with typically an anterior and posterior lateral in the left, received into sockets 
or paired laminae in the right valve, or obsolete ; cardinals in the right valve two , with 
their dorsal edges usually soldered together , and one bifid or deltoid cardinal in the 
left, fitting below the foimer , a delicate accessory lamella often present in either vahe, or 
cell may be more or less obsolete ; siphons icell developed , united, and usually with an 
epidermal tunic; adductors peripheral, sub-egnal. Cretaceous to Recent. 



Fro. 824. 

Mactra podoluu Eichw. Miocene 
(Sarmatian Stage); Wiesen, near 
Vienna. 


This group is so large and its extremes so variable, that 
it is best divided into subfamilies, as follows : 1 Mactrinae, 
Pteropsidinae, Lutrariinac, Zenatiinac and ? Amtinellinae. 

Mactra Linn. (Fig. 824). Ligament and resilium 
separated by a slielly septum. Tertiary and Recent. 

Subgenera: Mactra s.s., Cocloinaxtra, Madroderona, 
Maetrotoma Dali ; Mactrclla Gray. 


u 



Lutjvt'ui elhptica Roissy. Pliocene; Rhodes. 2 / s . 


Spisula Gray. Ligament and resilium not separated, the foimer more or less 
external. Cretaceous to Recent. 

1 Dali, W. R., Synopsis of a Review of the Genera of Recent and Teitiary Mactridae and 
Mesodesmatidae. Proc. Mai. Soc., 1895, vol. i. 

VOL. I 2 K 
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Subgenera : Hemimactra Swains. ; Leptospisula Dali ; Oymbophora Gabb ; ScMzodesma Gray. 

Mulinia Gray. Ligament and resilinm immersed in the same socket. Miocene 
and Recent. 

Bangia , Desm. (Ghiathodon Gray, non Goldfnss). Like Mulinia , but with 
elongated laterals, and the anterior lateral hooked at the umbonal end Estuarine. 

Pteropsis Conrad. Eocene. Laliosa (Schmidt) Moller. Miocene and Recent 

Lutraria Lam. (Fig. 825). Soleniform, hinge Mactroid. Tertiary and Recent. 

Schizothaerus Conr. ( Tresus Gray) ; Eastonia Gray ; Heterocardia Desk Tertiary 
and Recent. Zenatia Gray ; Anatinellco Sow. Recent. 

Family 39. Cardiliidae Dali. 

Shell cordiform , with prominent prosogyrous beaks , small , thin, radially sculptured ; 
posterior adductor scar impressed upon a radial myophoric lamina, the anterior scar 
elongated , pallial line not sinuated ; ligament external , seated on nymphs; resilium 
internal connecting projecting chondrophores ; hinge without laterals, but the cardinal 
teeth as in Mactra. Tertiary to Recent. 

Gardilia Deshayes. Eocene and Recent 


Family 40. Mesodesmatidae Deshayes. 



Fig 826 

Et'viha podolica Elchw. Miocene (Sar- 
matian Stage) ; Wiesen, near Vienna. 1/j. 


Shell solid and heavy, usually Donaciform , with 
erect or opisthogyrate beaks, otherwise as in the Mactridae; 
siphons naked , not united '. Tertiary to Recent 

Mesodesma Desh. Tertiary and Recent Mac- 
tropsis Conr, Eocene. Atactodea Dali ( Paphia 
Lam. ; Eryx Swains.) ; Davila Gray ; Anapella Dali. 
Recent. Ervilia Turton (Fig. 826). Tertiary and 
Recent Gaecella Gray. Recent, fluviatile. 


E. Asthenodonta. 

Hinge often essentially Mactroid , but usually degenerate or obsolete , owing to modi- 
fications induced by the burrowing habit 


Superfamily 16. MYACEA Menke (emend.). 

Burrowing, long siphoned, frequently inequivalve Pelecypods, usually with the mantle 
lobes largely united below, more or less united siphons, and degenerate hinge apparatus. 

Family 41. Myacidae Woodward. 

Shell substance cellulo-crysialline, earthy, with a conspicuous epidermis ; valves un- 
equal, more or less elongate, rounded in front 
and gaping behind ; adductor scars sub- 
equal; pallial line sinuated; shell margins 
plain ; area obsolete or none ; ligament and 
resilium internal, opisthodetic, attached in 

merging with the dorsal margin behind, and 
in the right valve to an inconspicuous , 
usually sub-umbonal chondrophore ; hinge 
edentulous; siphons united , with a horny 

tunic, not wholly retractile. Tertiary and . T . * 1U .* ... 

_ 7 J * mya arenana Linn. Pleistocene (Glacial Deposits) 

Recent Boliuslan, Sweden. 


the left valve to a projecting chondrophore 
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Mya Linn. (Fig. 827). Smooth externally. Tertiary and Recent. 

Subgenera : Platyodon Conrad. Surface decussated, siphon with horny appendages. 
Crypto mya Conrad. Small, the pallial line discrepant m the two valves. Sphenia Turton. 
Minute, byssiferous, nestling. Tugonia Gray. Tertiary and Recent. 




Coihula ( Bicorhuhi ) gallica Lam. 
Calcaire Grassier ; Damery, near 
Epernay, France. Hinge, Vi- 


Fr<{. 820. 

A, Corinth t cnnnata Duj. 
Miocene; Putzleinsdorf, near 
Vienna. B, C. angustata Sow. 
Upper Cretaceous ; Gosau. 


Family 42. Corbulidae Fleming. 

Shell small , much as in Mya , but the pallial line feeble or obsolete , the ligament 
usually sub-external , separated from the resilium , which, is internal , aliiincular and 
amphidetic ; the chondrophore 
is received into a socket of the 
opposite valve , not merged with 
the valve margin; hinge with 
one or two sub-umbonal pro- 
jecting teeth , and rarely obscure 
traces of laterals ; the posterior 
gape inconspicuous ; siphons 
short, united , naked , wholly 
retractile. Trias to Recent. 

Corbula Lam. (Figs. 828, 

829). Small, ovate, rostrate, very inequivalve, the right valve convex, larger, with a 
prominent tooth in front of the pit for the resilium, left valve with a flattened 
chondrophore, and usually a posterior tooth. Trias to Recent. 

Subgenera : Erodona Daudin ( Azara d’Orb. ; Potamomya Sow.). Pallial sinus obsolete, 
fluviatile. Pleistocene and Recent. Bothrocorbula Gabb. With a lunule deeply indented 
into the cavity of the valves. Tertiary and Recent. Corbulamclla Meek. With an anterior 

myophore. Cretaceous. Aniso - 
thyris Conr. ( Pachydon Gabb). 
Pliocene. Paramya Conr. ; Cor- 
bulomya Nyst. Tertiary and 
Recent. 

Family 43. Saxicavidae 
Gray. 

Shell substance as in Mya ; 
epidermis conspicuous; valves 
equal , free , rude and often 
irregular, more or less elon- 
gated and gaping, not fully 
covering the animal; adductor 
scars often irregular, the pallial 
line discontinuous or irregular , 
the sinus distinct ; shell mar- 
gins smooth; area obsolete; 
ligament and redlium external , 
parivincular, seated on strong 
nymphs, sometimes widely ex- 
tended ; hinge without laterals, 
with few feeble or obsolete sub- 

Panopc mcnardt Desh. Miocene ; Vienna Basin. Dorsal view um bonal cardinals . Creta- 

of valves. B. Internal mould. C, Hmge-plate seen from above, 1/2* . 

ceous to Recent. 

S acdcava Fleuriau ( Glydmeris Schurn. ; Hiatella Daudin ; Byssomya Cuvier ; 
Agina Turton). Hinge edentulous in the adult, with one or two cardinals in the 
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young, boring in the softer rocks. Tertiary and Recent. Subgenus Panomya Quay 
(i Ghaenopea Mayer). 

Panope Menard 1 ( Glycimens Lam. 1799, non Da Costa) (Fig. 830). Large, gaping 
widely behind and slightly in front ; surface concentrically, or feebly sculptured ; an 
obscure tooth in each valve. Cretaceous to Recent. 

Gyrtodaria Daudin ( Glycimeris Lam. 1801, non. Sckum.). Solenoid with strong 
epidermis. Pliocene and Recent. 


Family 44. G-astrochaenidae Gray. 

Shell substance as in Saxicava ; valves equals widely gaping in front ; adductor scars 
unequal, the anterior smaller ; pallial sinus deep , margins simple ; area none; ligament 
and resilium external , parivincular ; hinge with a single obsolete cardinal or wholly 

edentulous; animal frequently forming 
an external protective tube to supplement 
its burrow , but to which it is in no way 
attached. (?) Permian. Trias to Recent. 

This group stands between the Myacea 
and Adesmacea, verging on the latter. Many 
of its characters are adaptive, and are re- 
peated in the Ensiphonacea, but morpho- 
logically its relations to the Saxicavidae 
seem close. 

Gastrochaena Spengler ( Ghaena 
Retzius 

832). Bores cylindrical or pear-shaped cavities in roc] 

Fistulana Brug. Secretes calcareous tubes which stand upright m the sand or 
mud. Recent. 


; Rocellaria Blamv.) (Figs, 831, 
k, shell, or coral. Trias to Recent. 



Fig. S31. 


Gastrochaena angusta Desh. 
Eocene (Sables moyens) ; 
Valmandois, near Paris. 


Fig. S32 

Ga&trorftacna dcslonq 
chum psu Laube. Midtllf 
Jura; Balm, near Cracow, 
Internal mould of burrow 
including one of the 
valves, l/i. 


Superfamily 17. ADESMACEA Blainville. 

Gills with direct and reflected laminae , long , united, extended into the branchial 
siphon ; posterior adductor usually in front of the visceral ganglion , anterior adductor 
external to the cavity of the valves , exerted in a contrary sense to the posterior muscle ; 
hinge margin reflected , edentulous; ligament obsolete; a myophoric process extending 
freely into the valve from the sub-umbonal cavity. 


Family 45. Pholadidae Fischer. 

Shell cellulo-crystalline , with a thin epidermis ; valves more or less gaping in front 
and behind , with inconspicuous beaks and reticulate , often spinose sculpture; in the 
A Z? 



Fin. 833. 

Phnlas levcsquci Watelet. Eocene ; Ouise de la Mothe. 


adult supplemented by accessory shelly pieces , always attached to the valves , but rarely b 
an exterior shelly tube like that of the Gastrochaenidae ; the antero-dorsal margins ? nor 
or less extensively reflected , the postero-ventral approximated ; pallial line sinnated , are* 

1 Erroneously written Panopca by many authors. 
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none; ligament and rest Hunt usually absent , an obsolete remnant uf th msiltiun and 
chondrophore sometimes present in the left valve. (?) Carbumferuus, Jura to Recent. 



Pholas Linn. (Fig. 833). Surface divided by grooves into areas which often have 
diverse sculpture ; the adult often provided with accessory dielly plates, each of which 
when seated m front of the beaks has been named 
a “ protoplax ” ; when above the beaks, “ mesoplax” ; 
when behind the beaks between the valves, “meta- 
plax ” ; and when between the valves ventrally 
(Martesia), “ hypoplax.” A calcareous septum, 
secreted after the completion of the burrow, and 
occupying the pedal gape of the valves, is called 
the “ callum.” The addition of these plates and 
appendages during growth so changes the appear- 
ance of the shell that old and young stages have 
frequently been described as specifically or even 
genencally distinct. Typical Pholads date from 
the Jura. Many subgenera have been named. 

Turnus Gabb (Fig. 834). Cretaceous. Martesia Leacli (Fig. 835). 
to Recent. Jouannetia Desni. Tertiary and Recent. Teredina Lam. 
adult stage soldered together and to a thick adventive calcareous tube. 


Flu. SS4. 

l’uftULb (Xylnjiha- 
tfellu) rfetjnntuliio 
Meek. Upper Cie- 
taceous ; Idaho 
Enlarged (aftei 
Meek) 



i/. 


Fkj. S3 3. 

Maitema a > no idea 
De-ihayes. Eocene; 
Auver-., neai Paris. 

'i- 

Carboniferous 
Yalves in the 
Eocene. 


reduced , 


Family 46. Teredinidae Scacchi. 

equivalve , auriculate , widely gaping , the valves apposited 
ventrally only on the surface of a parietal tubercle ; adductor 
scars unequal , the anterior marginal very small ; pallial 
line coincident with the valve margins ; a styloid myuphorc 
projecting from the cavity of the bealcs; mantle secreting a 
calcareous lining to the burrow; variable in form , the 

valves without attached accessory shelly plates } area none ; 
hinge margin reflected , edentulous ; ligament absent or 
obsolete; anterior adductor degenerate , attached on the 
anterior edges of the valves , and covered only by the mantle ; 

1 animal boring, chiefly in wood. Carboniferous (?) ; Jura to 
Recent. 

Teredo Linn. (Fig. 836, A , G). Pallets simple, spatuli- 
form. Jura to Recent. 

Xylotnja Leach (Fig, 836, B). Pallets articulated, 
bipinnate. Tertiary and Recent. 

The name Teredolites Leymerie, has been proposed for 
F ig. ssg. the casts of borings of fossil Teredos (Fig. 836, D). The 

A, Valves of the recent Tcredu problematical genus Polorthus Gabb, from the American 

Ctetaceou3 > has been referred to tWs femil y- Tbe 

c, Pallet of Teredo sp. D, Casts Paleozoic species are known only by burrows, which are 
of bonngh of Teredo tuurnah Leym. « p,, i * 

Eocene ; Kressenberg, Bavaria. °f somewhat doubtful origin. 



Vertical Range of the Pelecypoda. 

Two small forms of bivalve shells, Fordilla and Modioloides , occurring in the 
Lower Cambrian of New York State, have been doubtfully referred to Pelecypods, 
but are more probably to be regarded as Branchiopod Crustaceans. Aside from these 
fossils, whose molluscan affinities must be considered as highly problematical, Pelecypods 
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are unknown from strata geologically older than the St. Peter sandstone, which is of 
early Ordovician age. Here appear suddenly several genera of the Modiolopsidae, and 
this family, together with the Ambonychiidae, Cyrtodontidae, and Ctenodontidae, 
attain the acme of their development during the Middle and Upper Ordovician. In 
the Silurian a considerable number of bivalves is observable, as many as eighty 
species having been distinguished in the fauna of the small island of Gotland alone. 

A very marked difference in geological range is perceptible among the three orders 
into which the class is divided. The Prionodmnacea , including most of NeumayFs 
Palaeoconcha , are pre-eminently characteristic of the Paleozoic faunas. Of the forty- 
two families referred to this order, no less than seven occur in the Ordovician, and 
eighteen in the Silurian, to which seven are added during the Devonian, only three in 
the Carboniferous, and one in the Permian. From these ancient stocks only seven 
Prionodesmacean families are evolved during the whole of the Mesozoic, and but two 
in the Tertiary, while three are Becent. 

The order Anomalode&macea is represented in the Paleozoic solely by its radical, 
the Pholadellidae ; eight of its sixteen families originate in the Mesozoic and Tertiary, 
and, with the exception of the Pholadellidae and Pleuromyacidae, all have endured 
until the present time. Only one family appears to be exclusively Recent. 

The Teleodesmacea are distinctively modem, although foreshadowed in the Paleo- 
zoic by Cypricardian, Lucinoid and Allodesmid radicals (the Solenoid radical is still 
questionable). Of forty-seven families thirty can be first definitely recognised in the 
Mesozoic, twelve originate in the Tertiary, two are exclusively recent, and only a single 
one can be traced continuously from the Paleozoic to the recent fauna. 

Of the Prionodesmacean families, 10-5 per cent survive ; of the Teleodesmacean 71 
per cent ; and of the Anomalodesmacean 88 per cent If it were not for the mortality 
among the Chamacea and Rudistacae, the ratio of survival among the Teleodesmacean 
families would be 95 per cent Of 105 families which have been discriminated during 
the whole history of the class, 76, or about 72'3 per cent, are represented in the 
existing fauna. Families have originated in the various geological epochs as follows : 
Ordovician 9, Silurian 11, Devonian 9, Carboniferous 3, Permian 1, Trias 13, Jura 14, 
Cretaceous 18, Eocene 15, Miocene and Pliocene 3, Pleistocene and Recent 6. From 
this it appears that the development of the group, judged by the increase of families, 
was most intense during the Silurian, thereafter rapidly decreasing until the Trias, 
then gradually increasing until the Cretaceous, after which the rate of differentiation 
again rapidly declined. It is noted that in the Paleozoic the Pelecypods form about 
one-quarter of all the mollusks known from this era ; in the Jura and Cretaceous 
about one-half, and in the Tertiary about one-third of this number. 

The Ordovician and Silurian are especially characterised by the presence of 
Taxodont, Palaeoconch, and the older forms of Schizodont Pelecypods. The Cardio- 
lidae, Pterineidae, Ambonychiidae and Modiolopsidae are common to both the Silurian 
and the Devonian. 

The Devonian has no families solely characteristic, hut the brackish-water Car- 
diniidae, the Megalodontidae, Trigoniidae, Pinnidae, Pectinidae and Mytilidae first 
take rise in this period, and the sinupalliate Allorima is the first Pelecypod showing 
dear evidence of retractile siphons. 

The Carboniferous is marked by the appearance of Parallelodon and its allies, 
the Limidae and Ostreidae, and some precursors of the Lucinacea and Pholadacea. 
The Pemidae and Gastrochaenidae make their advent in the Permian ; hut, on the 
whole, the Carboniferous fauna persists throughout this period. In the Trias, however, 
important changes take place ; many old genera disappear, and such forms as the Limop- 
sidae, the true Union es, Spondyhw, Dimya, the Pleuromyacidae, Pholadomyacidae, 
Astartidae, Lucinacea, Cardiidae and Corbulidae enter upon the scene. 

During the Jura, genuine Arcidae, Anomia , Eligmus , various Anatinacea, Cyrena , 
Diceras, Isocardia, and the Teleodont Veneridae, TelHnidae, Donacidae and Pholadacea 
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art* initiated. The character of the Cretaceous is strongly influenced by the aberrant 
and short-lived Chamacea and Rudistids. The Mutelidae, Pandoridae, Clavagellidae, 
Poromyacidae, Crassatellitidae, Cryptodontidae, Pefcricolidae, true Solens, the Mac- 
tridae and Saxicavidae, also take their origin during this period. 

With the beginning of the Tertiary a gradual approximation to present conditions 
takes place. The Rudistae have disappeared, the Dysodonts are on the decline, and 
the Teleodesmacean types on the increase. Numerous Anatinacea, Leptonacea, Tndac- 
nidae, Callocardiidae, Semelidae, Mesodesmatidae and Myaeidae appear. At the close 
of the Eocene, the wide distribution of many types now characteristic of warm- 
temperate, or tropical waters begins to be restricted ; and during the Miocene the 
faunal boundaries of mollusks depending upon temperature conditions are laid down 
nearly on existing lines. 

The following table indicates more exactly the geological range of the families of 
Pelecypods according to our present information : — 


[Table 
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Families. 


8 I 


Order 1. Prionodesmacea 

A. Palaeoconcha 

1. Solemyacidae . 

2. Solenopsidae . 

3. Ylastidae 

4. Grammysiidae 

5. Oardiolidae . 

6. Antipleuridae 

7. Praecardiidae . 

B. Taxodokta 
Superfamily 1. Nucidaccct 

8. Ctenodontidae 

9. Nuculidae 

10. Ledidae . 

Superfamily 2. Arcciccu, 

11. Parallelodontidae . 

12. Cyrtodontidae 

13. Limopsidae . 

14. Arcidae . 

C. SCHIZODONTA 

Superfamily 3. Ptcriacea 

15. Pterineidae . 

16. Lunulicardiidae 

17. AmbonycMidae 

18. Piunidae 

19. Conocardiidae 

20. Pernidae 

21. Pteriidae 

22. Mvalinidae . 

23. Yulsellidae . 

Superfamily 4. Ostracea 

24. Oslreidae 

25. Eligmidae 

Superf amil y 6. Naictdacea 

26. Cardiniidae . 

27. Megalodontidae 

28. Unionidae 

29. Mutelidae 

30. Ethenidae 

Superfamily 6. Trigoniacea 

31. Lyrodesmidae 

32. Trigoniidae . 


I I 
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D. IsODONTA 
Superfamily 7. Pedinacca 

33. Pectinidae 

34. Spondylidae . 

35. Dimyidae 

36. Limidae . 

Superfamily 8. Anomiacca 

37. Anomiidae 

E. Dtsodonta 
Superfamily 9. Mytilacca 

38. Modiolopsidae 

39. Mytilidae 

40. Dreissensiidae 


I Order 2 . Anomalodesmacea 
Superfamily 1. Anatmacea 

A. Eusiphonia 

1. Pleuromyacidae 

2. Pholadellidae . 

3. Pholadomyacidae . 

4. Anatinidae . 

5. Periploraatidae 

6. Thraciidae 

7. Myocliamidae. 

B. Adelosiphonia 
S. Pandoridae . 

9. Lyonsiidae 

10. Lyonsiellidae . 
Superfamily 2. JSnsiphonacca 

11. Clayagelhdae . 

12. Euciroidae 
Superfamily 3. Poromyacca, 

13. Poromyacidae 

14. Cuspidariidae 


Eoccin*. 
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Families. 


Order 3. Teleodesmacea 

A. Pantodonta 

1. Allodesmidae . 

B. Diogenodonta 
Superfamily 1. Cypricardiacca 

2. Pleuropboridae 
Superfamily 2. Astartacea 

3. Curtonotidae . 

4. Astartidae 

5. Crassatellitidae 
Superfamily 3. Oyrcnacea 

6. Cyrenidae 

7. Spliaeriidae . 
Superfamily 4. Cardiiacea 

8. Carditidae 

Superfamily 5. Chamacea 

9. Diceratidae . 

10. Chamidae 

11. Monopleuridae 

12. Caprinidae 

Superfamily 6. Rudistacea 

13. Radiolitidae , 

14. Hippuritidae . 

Superfamily 7. Lucinacca 

15. Tancrediidae ♦ 

16. Unicardiidae . 

17. Luoinidae 

18. Oorbidae 

19. Diplodontidae 

20. Cyrenellidae . 

21. Thvasiridae . 

Superfamily 8. Leptonacea 

22. Leptonidae . 

23. Galeommatidae 

24. Chlamydoconohidae 

25. Kelliellidae . 

0. Cyclodonta 

Superfamily 9. Cardiacea 

26. Cardiidae 

27. Limnocardiidae 

Superfamily 10. TndaGnaoea 

28. Tridacnidae . 
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Families. 


Superfamily 11. Isocardiaeca 

29. Isocardiidae . 

30. Yesicomyaciidae 

D. Teleodonta 

Superfamily 12. Venerctcea 

81- Veneridae 

32. Petricolidae . 
Superfamily 13. Tellinacea 

33. Tellinidae 

34. Semelidae 

35. Psammobiidae 

36. Donacidae 
Superfamily 14. Solenacea, 

37. Solenidae 
Superfamily 15. Mactracea 

38. Mactridae 

39. Cardiliidae 

40. Mesodesmatidae 

E. Asthenodonta 

Superfamily 16. Myacea 

41. Myacidae 

42. Corbulidae 

43. Saxicavidae . 

44. Gastrochaenidae 

Superfamily 17. Adcsmcicca 

45. Pholadidae 

46. Teredinidae . 



[The text for tlie preceding chapter on Pelecypods was revised for the first edition of this 
work by Dr. William H. Dali, of the United States National Museum, and is here reproduced 
with comparatively few changes proposed by himself and Dr. R. S. Bassler. — E ditor] 


Recent. 
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Class 2. SCAPHOPODA Bronnd 

( Cirrhobranchiata Blainville ; Solenoconchict Lacaze-Duthiers ; 

P rosopocephala Stoliczka.) 

Aquatic , marine , bilaterally symmetrical mollusks, protected by an external , 
tubular , somewhat curved and tapering shell , open at both ends , the concave side 
of which is dorsal ; the shell secreted by a mantle of the same shape , the larger , 
anterior opening of ivhich is provided with a circular muscular thickening, the smaller 
opening serving as outlet for organic waste ctncl genital products . Mouth furnished 

with a radula , borne on a cylindrical snout , and surrounded by a rosette of leaf dike 
appendages ; a cluster of numerous exsertile filaments ( captacula ) springing from its 
base. Otocysts present , but no eyes or tentacles. Foot rather long , conical , 
lateral lobes , and adjacent to the snoid ventrally. 

Gills are wanting , the general surface assuming respiratory functions. Liver 
large , bilateral; intestine strongly folded , the anus ventral and rather anterior , 
genital and kidney orifices adjacent to it. Heart rudimentary , w#/* a smgtfe chamber. 
Nervous system with well-developed ganglia united by commissures. Reproduction 
icithout copulation , the sexucd products voided through the right kidney. 

Scaphopods are without exception marine, and for the most part inhabit 
deep water. There are few littoral species. They live embedded in mud or 
sand, with only the smaller end of the shell projecting above the surface. 
Their food consists chiefly of Foraminifera and similar organisms, captured 
by the filamentary captamla. 

The tubular, curved shell, open at both ends, is characteristic of the class, 
the tubular shells of certain Gastropods and Cephalopods being invariably 
closed at the smaller end. Some tubicolous worms (Serpulidae) form a similar 
shell, but it is composed of two layers only, instead of three as in Scaphopods, 
the growth is more irregular, and its microscopic structure very different. 

The shell of Scaphopods increases by successive increments at the larger 
end, and at the same time loses by wear and absorption at the 
smaller end. The posterior slits or notches occurring in some 
species are therefore formed by resorption of the previously 
solid shell wall, and have a genesis wholly different from the 
slits or fissures of Pleurotomaria, , Fissurella , and other Gastropods. 

Various genera described as Scaphopods have since been 
found to belong to the Serpulidae. Such are Pyrgopolon Montf. 
(Fig. 837), from the Maestricht of Belgium, also known as 
Entalium Defr., and Pharetrium Konig; and Hamulus Morton 
(Falcula Conrad), of the American Cretaceous. The Cambrian 

fig. 837 . genus Spirodentalium Walcott, in which the shell has spiral 
Pyrqnpuiun mosaa striae, is at present too imperfectly known to justify its refer- 
taceous7BeSum’ ence to the Scaphopods, or even to the Mollusca. 

1 Literature (see also, under the head of Mollusoa, cuitea) : Dash ayes, G. P., Anatomie et 
monographie du genre Dentale. Mem. Soc. Hist. Nat Paris, 1825, vol. iii. — Lacaze-Duthiers , H. de, 
Histoire de l’organisation et du (leveloppement du Dentale. Ann. des Sci. Nat., 1856-57, ser. 4, vols. 
vi., viii. — Sars, M ., Om Siphonodentalium vitreum, on ny Slaegt af Dentalidernes Familie. 
Universitets-Program, Christiania, 1861. — Stoliczka, F., Palaeontologia Indica. Cretaceous 4 Fauna 
of Southern India, vol. ii. , 1867-68. — Gardner, J. S., Ou the Cretaceous Dentaliidae. Quar. 
Joum. Geol. Soc. Loudon, 1878, vol. xxxiv. — Kovalevsky, A , ]£tude snr Tembryogenie, etc., dn 
Dentale. Ann. Mus. Hist. Nat. Marseille, 1882-83. Zoologie, Mom. No. 1. — Plate, L., tlber 
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Family 1. Dentaliidae Gray. 

Scaphopoda having a conical foot with an encircling sheath expanded laterally and 
interrupted dorsally. Shell tubular , curved , regulaily tapering throughout , not contracted 
anteriorly, sculptured or smooth. Ordovician to Recent. 


Dentalium Linn. (Figs. 838 } 839). Characters those of tlie family. Beginning 
with a few species in the Ordovician, the number increases slowly until the Cretaceous. 
A great acceleration then ensues, which continues to the present. 

About 275 fossil and 150 recent species known. Various authors have ^ 
attempted to subdivide the genus upon characters of the posterior slit 
of the shell, but this has proved to vary widely even among individuals. 

The following subgenera based upon the system of sculpture and 
shape of the tube appear more stable : — 

Dentalium s. str. (Fig. 839). Shell with strong longitudinal ribs, apical 
notch short or wanting. Eocene to Recent. 

Antahs Adams (. Entalis , Gray non Sovb. ; 

Fntaliopsis Newton and Hams) (Fig. 838, 

A). Shell with longitudinal riblets or striae 
at least in the young ; apex -with a short 
ventral slit and a sheath. Cretaceous to 
Recent. 

Eeteroschisma Simr. With longitudinal 
riblets and a dorsal slit. Recent. 

Fissidentahum Fischer. Large and solid, 
with many longitudinal ribs or striae ; a long 
ventral slit usually present. Eocene to Re- 
cent. Sch izodenta hum Sowb., in which the 
slit is inteirupted into a series of holes, is 
probably a modification of tins group. 

Gh-aptacmc Pils. and Sharp. Surface w itli 
close, fine longitudinal striae near apex only, 
or throughout. Tertiary and Recent. 

Lacvidcntalmm Cossm. Arcuate, smooth, , 3 , 

with growth-linos only, circular in section, yS, tDesh Eoepne 

apex simple or notched. Silurian ? to Recent. Cuise la Mothe. tyi- l\ Posterior 

Mabdus Pils. and Sharp. Smooth, thin, portion of same enlaiged, showing 
glossy, nearly straight, sub -circular in slit< 
section, apex entire. Recent. 

Episiphon Pils. and Sharp. Small and very slender, smooth, thin, the apex generally 
with an inserted tube. Oligocene to Recent. 

Com 2 )rcssidens Pils. and Sharp. Small, much tapering, vertically compressed, smooth 
Eocene to Recent. 

Lobantalc Cossm. Shell compressed, with two internal longitudinal ribs. Eocene. 

Fustiana Stol. (Fig. S38, B, C). Shell with a very long and linear ventral cleft posteriorly. 
Cretaceous to Recent. 

Plagioglypta Pils. and Sharp. Surface with extremely oblique, sinuous, encircling striae 
(D. undulatum Miinst. ). Carboniferous to Trias. 



A, D. 


Fig. S3S. 
(Antahs) lirlxi Nyst. 


Ola- 


Fig. S3l>. 

Dentaliuin sex- 
antjuhue Lam. 
Pliocene ; Asti, 
Italy. 


Family 2. Siphonodentaliidae Simroth. 

Scaphopoda having the foot either expanded distally in a symmetrical disk with 
crenate continuous edge , or simple and vermiform, without developed lateral processes. 
Shell small and generally smooth, often contracted tmeards the mouth . Cretaceous to 
Recent 


den Bau und die Verwandtscbaftsbeziehungen der Solenoconchen. Zool. Jahrb., Abteil. fur Anat. 
und Ontog., 1892, vol. v. [Bibliography, pp. 384-386.] — Simrothy E., Mollusca, m Bronn’s 
Classen und Ordnungen des Tierreichs, vol. iii., 1893—95. — JPilsbry, H. A., and Sharp , B., Scapho- 
poda, in Tryon and Pilsbry’s Manual of Conchology, 1S97-98, vol. xvii .—Bellini, R., Revisione 
delle Dentaliidae dei terreni terziari e quaternari d’ Italia. Palaeont. Ital., 1909, vol. xv. 
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Although this family is usually characterised by a small smooth shell, the essential 
difference from the Dentaliidae is in the form of the foot. Typical forms of Oadulus 

appear in the Cretaceous; the remaining 
genera are Tertiary and Recent. 

Entalina Monts. Shell Dentalium-like, 
largest at the aperture, thence tapering to 
the apex ; strongly ribbed, and angular m 
section near the apex. Miocene to Recent. 

Siphonod en tedium Sars (Pulsellmi Stol. ; 
Siphonentalis Sars). Shell an arcuate, 
slightly tapering tube, circular in section 
or nearly so, and smooth externally. Apex 
rather large, typically slit into lobes, but 
sometimes simple. Pliocene to Recent. 

Cadulus Phil. (Gadus Desh. ; Gadila 
Gray ; Helonyx Stimp.) (Fig. 840, Q , D). 
Shell tubular, circular or oval in section, swollen near the middle or anteriorly, con- 
tracting toward the aperture. Cretaceous to Recent. 

Typical forms with simple anal orifice appeal' first in the Cretaceous, DiscMdes , 
Jeffr. (Fig. 840, J5), with two lateral slits, and Polyschides Pils. (Fig. 840, A), with 
several notches, appear in the Eocene. All continue to the present time. 


Fio. S40 


Cal- 


A, Cadulus (Polyschides) denticulatus Desh. 
caire Grossier; Damery, near Epernay. B, Cadulus 
(Dischides) Infissuratus Desh. Calcaire Grossier; 
Gngnon, near Pans. (', Cadulus ovalum Phil. Tor- 
tonian ; Monte Gibbio. D, Cadulus ohvi Scac. Tor- 
toman , Monte Gibbio, near Sassuolo, Italy. 


Class 3. AMPHINEURA von Ihering. 1 

Aquatic, marine, bilaterally symmetrical mollusks, with the head partially or not 
differentiated ; in form worm-like with a ventral groove or none , or oval, flattened, 
with a foot adapted for creeping \ Nervous system consisting of an oesophageal ring 
with ganglia and four longitudinal cords, two ventral and two lateral ; no cephalic 
eyes, tentacles, or otocysts . Gills paired or many , posterior or lateral ; mouth anterior, 
usually with a radula ; anus posterior, median. External surface with a series of 
eight shelly plates, or stiffened with calcareous spicules . 

Order 1. APLACOPHORA von Ihering. 

t Body vermiform, with a ventral groove, the sldn elsewhere beset with calcareous 
spicules ; no dorsal shelly plates in the adult. 

This is a degenerate group, represented in the Recent fauna by about a 
dozen genera belonging to two families — Chaetodermatidae and Neomeniidae. 
Fossil remains are unknown. 


Order 2. POLYPLACOPHORA Blainville. Chitons. 

Amphineura protected by a dorsal series of eight shelly valves and an encircling 
girdle ; with differentiated head, and a ventral sole or foot adapted to creeping ; gills 

1 Literature: Ih&ring } E. v., V ergleichende Anatomie des Nervensystems und Phylogenie der 
Mollusken, mi.— Ball, W. H., On the Genera of Chitons. Proc. U.S. Nat. Museum, 1881, vol. 
i v.—Eubrecht, A. A. W. } A Contribution to the Morphology of the Amphineura. Quar Joum 
Microscop. Soc., 1882, vol. xxii. [Bibliography, pp. 226, 221^—Eochebrune, A . T. de, Mono- 
graphic des especes fossiles appurtenant a la classe des Polyplaxiphores. Ann. Sci. Geol. 1883 vol. 
xi v.—Pruvot, <?., Sur ^organisation de quelques Neomeniens des c6tes de France Arch. Zool.' 
Exper et Gener. [2], 1891, vol. ix [Bibliography, pp. 702, 70$.]-Pilsbry, H. A., Monograph of 
the Polyplacophora. In Tryon and Pilsbry’s Manual of Conchology, vols. xiv. and xv. 1892-93. 

Broili, F., Die Fauna der Pachycardientuffe der Seiser Alp. II. Scaphopoden und Gastropoden. 
Palaeontogr., 1907, vol. liv. 
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numerous , occupying the groove between foot and girdle ; radula present , Jieterodont ; 
sexes separate. 

The external covering in the Polyplacophora, or Chitons, consists of eight 
valves bound together by an encircling flexible band called the girdle. The 
anterior or head-plate (Fig. 841, A, below) is invariably semicircular, with the 
apex or mucro at the middle of the straight margin ; the six succeeding plates 
are generally square (Fig. 842, below), with the apex posterior on the median 
line ; and the posterior or tail- valve (Fig. 841, B) is semicircular or subcircular, 
with apex varying in position from in front of the middle to the hind margin. 
All of the plates are composed of two layers — an outer porous layer, the 
tegmentum , and an inner porcellanous one, the aiiiculamentum. In most of the 
lower Chitons these layers are coextensive and have smooth edges ; but in 
the higher forms the articulamentum projects beyond the outer layer into the 
substance of the girdle, in which it is firmly inserted. These projections at 
the outer or peripheral margin are termed insertion plates. They are generally 
slit or notched into so-called “ teeth,” which may be either smooth and sharp 
along the edge, or crenulated (pectinated). Insertion plates serve the function 
of binding the valves firmly to the girdle. 

The anterior margin of each valve except the first one invariably shows 
two projections of the articulamentum called sutural laminae (Figs. 841, B, 
842), which pass under the rear margin of the next anterior valve, thus pre- 
venting vertical displacement of the series. The tegmentum is traversed by 
a multitude of fine canals which terminate at the surface in minute sense 
organs. The cavities of the latter in dry or fossil valves are visible as fine 
quincuncial punctations. In the highest Chitons a certain number of these 
sense organs have become enlarged and modified into eyes, easily recognised 
as pigmented dots in recent, and small pits in fossil specimens. 

Polyplacophora make their appearance as early as the Ordovician ; they are 
rare in the Silurian and Devonian, but somewhat more abundant in the 
Carboniferous. None of the Paleozoic genera is known to continue into the 
Mesozoic, but the Eoplacophora are replaced by types more related to modern 
Chitons ( Mesoplacophora ). Members of the most specialised suborder, Teleo- 
placophora , first appear in the Eocene, although they doubtless arose earlier. 
About twenty Paleozoic, five or six Mesozoic, and fifty Tertiary species have 
been described. Recent forms number several hundreds. A good many 
species supposed to be Chitons have been based upon barnacle valves, fish 
scales, and other fragments. The recently described Duslia insignis Jahn is 
apparently a Crustacean ; certainly not a member of the Polyplacophora. 

Three suborders are recognised, according as the insertion plates are 
absent, or if present, unslit ( Eoplacophora ) ; developed, smooth, and slit into 
teeth (Mesoplacophora) ; or both slit and pectinated ( Teleoplacophora ). 

Suborder A. EOPLACOPHORA Pilsbry. 

Polyplacophora with the tegmentum coextensive with the articulamentum , or with the 
latter projecting in smooth , unslit insertion plates ; gills posterior. 

Family 1. G-rypho chit onidae Pilsbry. 

Insertion plates absent , sutural laminae small ; one or both end-valves with the 
terminal margins elevated ; form elongated and narrow. Paleozoic. 
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Helminthochiton Salter. Valves tlnn, nmcro subcentral, low; end-valves not 
elevated terminally. Silurian. 

Priscochiton Billings. Similar in the non-sinuous head-valve, hut beaks of the 
valves greatly produced backwards. Ordovician. 

Gryphochiton Gray (Fig. 841). Elongated, with small beaks and very small sutural 
laminae ; terminal margins of end-valves strongly elevated ; tail- valve with low, 
decurved mucro behind the middle. Carboniferous. 

Pterochiton Carp. (Anthracochiton Rochebr.). Elon- 
gated, the valves strongly beaked and laterally excavated ; 
tail -valve with depressed post -median mucro and no 
posterior sinus, anterior valve with the front margin 
elevated, sutural laminae large. Carboniferous. 

Gymatochiton Dali (Protalochiton Kochebr.). Oval, 
elevated and granular, the valves shoit and wide, with 
small, low sutural laminae and distinct lateral areas ; 
mucro of posterior valve post-median, elevated. Permian. 

Probolaeum Carp Elongated, elevated ; valves very 
strongly beaked, the pleura projecting beyond the jugal 
tract ; anterior valve sinuate m front, posterior valve 
unknown. Devonian. 

Chonechiton Carp. Median valves as in Gryphochiton ; 

A, Anterior and three intermediate posterior valve With the mUCl'0 
valves. U, Posterior valve, \ entral A , , , . „ f 7 

and dorsal aspects. Vi- thrown backward, as m Gryptoplax. 

Carboniferous. 

Loricites Carp. Somewhat like the Recent Lorica , but 
without insertion plates. Carboniferous. 



Fig S41. 

Gi'njtliucfutuii jn'iscus (Munst.). 
Carboniferous ; Toumay, Belgium. 


Family 2. Lepidopleuridae Pilsbry. 

Insertion plates absent , or present and unslit; end-valves 
with the terminal margins never elevated; form oval or oblong. 
Tertiary and Recent. 


Fig. S42. 

LppidnpleuriLs vinjifrr 
(Sandb ). Miocene ; Wald- 
bockellieim, near Creuz- 
nach, Germany. A median 
and a posterior valve, a/j. 


Lepidopleurus Risso (. Leptochiton Gray) (Fig. 842). Small, oval; insertion plates 
entirely absent, sutural laminae small ; girdle minutely scaly or chaffy. Eocene to 
Recent. 

Hanleyia Gray. Like the last, except that the anterior valve has an unslit insertion 
plate, and the girdle is spiculose. Champlain to Recent. 

Hemiarthrum Carp. Both anterior and posterior valves with smooth unslit 
insertion plates, the others lacking them ; girdle downy, with small sutural pores. 
Recent. 

Ghoriplax Pils. Valves partly immersed in the minutely granulose girdle, all with 
thin, smooth insertion plates. Recent. 


Suborder B. MESOPLACOPHORA Pilsbry. 

Insertion plates developed , slit, not vertically grooved or pectinated outside . 

Family 1 . Ischnochitonidae Pilsbry. 

Valves having the inner layer well covered by the outer. Surface of intermediate 
valves divided into lateral and central areas by a diagonal rib (often indistinct ), extending 
from the beak to each anterior outer angle of tegmentum ; or when this is not clearly the 
case , the posterior valve has a crescentic series of well-developed teeth ; all valves with 
slits. Eocene to Recent. 



CLASS III 


AMPHINEURA 


513 


Two subdivisions of this family are recognised, according as the anterior and side 
slits correspond in position with ribs on the external surface or not. Among the 
genera included under the first section (Callisfuplaci nae) may be mentioned the follow- 
ing : — Callistochiton, Nuttalina, and Callistoplax Carpenter; Gnispedochifon Shuttle- 
worth ; and Ceiatozona DalL Representatives of the second subfamily (Ischnochitomnac) 
are as follows : — Sckizoplax Dali; Tonicella , Trachydeimon, and Dinoplax Carpenter ; 
Gallochiton and Ischnochiton Gray ; Cliaetopleura Shuttleworth. 


Family 2. Mopaliidae Pilsbry. 

Valves externally divided typically into central and lateral areas, the posterior valve 
with a sinus behind, one or two slits on each side of it or none; intermediate valves each 
with a single slit ; teeth smooth , sharp, often with thickened edges on the outside ; girdle 
more or less hairy. Pleistocene and Recent. 

This family comprises the following genera : — Mopalia and Plaxipliora Gray ; 
Placiphorellco Carpenter ; and Placophoropsis Pilsbry. 


Family 3. AcanthocMtidae Pilsbry. 

Valves more or less immersed in the smooth or hairy girdle, the tegmentum therefore 
much smaller than the articulamentum ; the exposed surface divided into a narrow dorsal 
and wide latero-pleural areas, the latter formed by the union of the lateral and pleural 
areas of typical Chitons. Insertion teeth sharp, rarely smooth; posterior valve either 
slit like the head-valve, or having a posterior sinus ; head-valve usually with five slits, 
intermediate valves singly slit Body never vermiform. Pliocene to Recent 

The following representatives are to be cited : — Acanthocliites Risso ; Spongiochiton 
Carpenter; Katharina and Amicula Gray; Cryptochiton Midd. and Gray. 


Family 4. Cryptoplacidae DalL 

Elongated or vermiform Chitons with small valves; insertion and sutural plates 
strongly drawn forward, sharp and smooth; the anterior valve with three to five slits, the 
others with one slit on each side , or none; tail-valve having the mucro far posterior , 
insertion plate continuous behind ; girdle very thick and wide. 

This is a highly specialised branch of a low group of Chitons, unknown in the 
fossil state. Cryptoplax Blainville ( Chitonellus Lam.), and Choneplax Carpenter, are 
examples. 


Suborder 0. TELEOPLACOPHORA Pilsbry. 

All valves, or the first sevm, with insertion plates cut into teeth by slits; the teeth 
sharply sculptured (pectinated) outside by fine vertical grooves. 


Family 1. Chitonidae Pilsbry. 

Characters those of the suborder. Tertiary and Recent 

The family is illustrated by the following genera, of which only the first two occur in 
the fossil condition : — Chiton Linne ; Tiachyodon Dali; Eudoxochiton Shuttleworth; 
Tonicia, Schwochiton, Enoplochiton and Onithochiton Gray ; Acanthopleura Guilding ; 
Lorica Adams ; Loricella and Liolophura Pilsbry. 

VOL. I 2 L 
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Class 4. GASTROPODA. Snails. 1 

Mollusks with distinct head, soled or more rarely fin-lile .foot, and undivided 
mantle , which latter usually secretes a univalve, spirally wound , or saucer-shaped shell 

Gastropods differ from Pelecypods in having a more or less distinctly 
marked head, which usually bears tentacles, eyes, and ears, and contains a 
large cerebral ganglion. The ventral aspect of the creature is commonly 
formed by a broad foot ; but in the Heteropoda this is modified into a vertical, 
laterally compressed fin ; and in the Pteropoda it is represented by two wing- 
like swimming membranes near the head. The base of the foot is sometimes 

1 Literature (see also under head of Mollusca, antea ) : Ihering , II. v., Yergleichende Anatomie 
des Nervensystems und Phylogeme der Mollusken. Leipsic, 1S77. — Koken , E., tJber die Ent- 
wiekelung der Gastropoden vom Kambriuni his zur Trias. Neues Jahrh, f. Mineral., 1889, supplem. 
vol. vi. — Queastedt, F A., Petrefaktenkunde Deutschlauds. Gastropoden, vol. vi , 1881. — Simroth , 
H., Gastropoda, in Bronn’s Klassen und Ordnungen des Tierreiclis, 1896. — Troschel, , H., Das 
Gebiss der Seknecken, zur Begrundung einer naturlichen Classification, vols. i., ii. Beilin, 1856-78. 

A. On Paleozoic Forms. — Billings , E Palaeozoic Fossils Geol. Surv. Canada, 1865-74, vols. i., 
ii. — Jakoirtcw, r., Die Fauna eimger oberpalaozoischer Ablagerungen Russlands. Mem. Comite 
Geol., 1S99, vol. xv., No. 3. — Koken , E., Die Gastropoden des baltischen Untersilurs. Bull. Acad. 
Imp. Sci. St. Peters!)., 1S97, vol. vii., No. 2. — Koninck, L. G. de, Faune du calcaire carbomfere 
de la Belgique. Ann. Mus. d’Hist. Nat. Belg., 1882-85, vol. vi. — Lmdstrom , G., On the Silurian 
Gastropoda and Pteropoda of Gotland. K. .Svensk. Vetensk. Akad. Handl., 1884, vol. xix. 
— Perner, J„ Gasteropodes, in Barrande’s Systems silurien du centre de la Boheme, vol. iv. 
Prague, 1903-7- — Suites, J. W., Catalogue of the collection of Cambrian and Silurian fossils in 
the Museum of Cambridge, 1873. — Spitz, A ,, Die Gastropoden des karnischen Unterdevon. Beitrage 
Pal. und Geol. Osterr.-Ung., etc., 1907, vol. xx. — Ulrich, E. 0 and Scofield, TP., The Lowei 
Silurian Gastropods of Minnesota. Kept. Geol. and Nat. Hist. Surv. Minn., 1897, vol. iii., pt. 2. 

B. On Mesozoic Forms. — Alilburg , J., Die Trias im s. Obersclilesien. Abkandl. Preuss. Geol. 
Landesanst. u. Bergakad., 1906, n.s., Heft 50. — Bohvi, J., Die Gastropoden des Marmolatakalkes. 
Palaontogr., 1895, vol. xlii. — Brosamlen, R., Beitrag zur Kenntnis der Gastropoden des schwabischen 
Jura. Palaontogr., 1909, vol. In. — Dellinger , K., Die Gastropoden der sachsischen Kreideformation. 
Beitrage Pal. und Geol. Osterr.-Ung., etc., 1905, vol. xviiiv — Hiiberle, D., Palaontologische Unter- 
suchungen triadischer Gastropoden aus dem Gebiet von Predazzo. Verhandl. Naturh. Med. Vereins. 
Heidelberg, 1908, n.s,, vol. ix. — Hwlleston. W. H., A Monograph of the British Jurassic Gasteropoda. 
Palaontogr. Soc., 1887-94. — Kaunkuven , F., Die Gastropoden der Mastricher Kreide. Palaont. 
Ahhandl., 1897, n.s., vol. iv. (viiL). — Koken , E Die Gastropoden der Trias um Hallstadt. Jahrb. 
Geol. Reichs-Anst. Wien, 1897, vol. xlvi., and Abhandl., vol. xvii. — Morris , J., and Lycett , J 
Mollusca from the Great Oolite: Univalves. Palaeontogr. Soc., 1850. — d'Orbigny , A., Paleontologie 
franraise. Terrains jurassiques ii. et iii., 1S50-82. Terrains cretaces ii., 1842-3 . — Picard , E., 
Beitrag zur Kenntnis der Glossophoren der mifcteldeutschen Trias. Jahrb. Preuss. Landesanst., 
1901, vol. xxv. — Stoliczka, F., Cretaceous Fauna of Southern India. Gastropoda* vol. ii Mem. 
Geol. Surv. East India, 1S6S. — Zittel, K. *1., Die Gastropoden der Stramberger Sclnchten. Mitt. 
Mus. Bayer. Staates, 1873, vol. ii., pt. iii. 

C. On Tertiary Forms. — Beyrich, E., Die Conckylien des norddeutschen Tertiargebirges. 
Zeitschr. Deutsck. Geol. Ges., 1853-6, vols. v., vi., viii. — Cossmann , J/., Mollusques eoceniques 
de la Loire-Inferieure, i. and ii. Bull. Soc. Sci. Nat. Ouest Nautes, vols. vii.-ix., 1895-1901. 
Contribution a la paleontologie frangaise des terrains jurassiques. Mem. Soc. Geol. France, 1895, 
1898, Mem. Nos. 14 and 19. Essais de paleontologie compares, i.-iv. Paris, 1895-1904 — Cossmann , 
J/., and Pissarro , G Faune eocenique du Cotentin. Bull. Soc. Geol. Normandie, 1900-2, vols. xix.- 
xxi. — Dali, TF. H., Contributions to the Tertiary Fauna of Florida. Trans. Wagner Free Inst. Sci., 
1S95-97, vols. iii., v. — Harris, G. F., The Australasian Tertiary Mollusca. Cat. Tert, Mollusca 
Brit. Mus., pt. i., 1897. — Ho&rnes , R ., and Auinger, M., Die Gastropoden der Meeresablagerungen 
der ersteu und zweiten Mediterranstufe. Vienna, 1879-91 . — Martin, K, Die Fossilien von Java. 
Samml. Geol. Reichsmus. Leiden, 1895-99, n.s., vol. i., pts. 2-10. — Ffewtcm, R. B., Systematic List 
of British Oligocene and Eocene Mollusca, 1891. — Philippi, R. A., Die tertiaren und quartiaren 
Yersteinerungen Chiles. Leipsic, 1887. — Sandberger, F., Land- und Susswasserconchylien der 
Vorwelt. Wiesbaden, 1870 . — Vinassa de Regny, P. E., Synopsis dei molluschi terziari delle Alpe 
venete. Palaeontogr. Italica, 1S96-97, vols, i., ii. — Wood, E ., The Phylogeny of certain Cerithiidae. 
Ann. N.Y. Acad. Sci., 1910, vol. xx. — Grabau , A. W., Studies of Gastropoda. Amer, Nat., 
1902-3, vols. xxxvi., xxxvii. — Phylogeny of Fnsus. Smiths. Misc. Coll., 1904. 
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of considerable size, and in some forms (Strombidue) the animal is enabled to 
spring quite a distance by contracting the foot. The mantle lobe is elevated 
along the back like a hood, extending as far as the head, and usually secretes 
a shell from its outer surface. The shell (which may be wanting or obsoles- 
cent in the adult) covers the intestinal sac and lung-cavity, and usually permits 
of retraction into it of the entire body of the animal. Body and shell are 
united by muscular attachment ; in spiral shells the muscle is fastened to the 
columella, but in bowl-shaped forms to the inner surface of the shell. 

The nervous system consists of two cerebral ganglia, the paired pedal and 
visceral ganglia, and two or three additional pairs, all of which are united by 
commissures. A complete crossing of the commissures of the visceral ganglia 
sometimes takes place ( Chicistoneura ), but in other forms they run parallel 
( Orthoneura ). 

The peculiar armature of the mouth, although developed in all classes of 
Mollusks except Pelecypods, is especially characteristic of Gastropods. This 
consists of one or more horny plates on the anterior upper margin of the 
oesophagus, opposed to which is a chitinous grating, strap or radula, resting 
upon the tongue or odontophore. The tongue itself is merely a swelling at 
the bottom of the buccal cavity. The radula is usually quite long, and is 
beset with innumerable small teeth or hooks, placed in transverse and 
longitudinal rows, and exceedingly constant in form throughout the several 
groups. The characters of the radula among the different groups were 
therefore advantageously employed by Loven and Troschel as a basis of 
classification. 

The oesophagus conducts into a long, coiled, intestinal canal, which is 
surrounded by a large liver, the kidneys, and numerous glands. The intestine 
ends in an anal opening placed anteriorly. The heart, as a rule, has one 
auricle ( Montocardici ), more rarely two ( Diofocardia ), and serves as a central 
organ for the supply of a much branched system of blood-vessels. When the 
gills or lungs are placed in front of the heart ( Prosobrancliia , Pulmonata), the 
auricles are anterior to the ventricle ; but when placed behind the heart 
(Ojpisthobranchia, Pteropoda) the auricle is posterior. 

Only a few Gastropods breathe through the general surface of the body, 
and are without distinct organs of respiration ; the vast majority possess gills 
or lungs. The gills are lamellar or tuft-like, sometimes branched or feathered 
lobes of the integument, and are usually placed in the gill-cavity below the 
mantle ; more rarely they project freely on the back or at the sides. Only 
exceptionally are they present in large numbers and symmetrically developed ; 
and when so disposed they are always secondary structures not homologous 
with the normal ctenidia. Typically there are two gills, but the left usually 
becomes completely atrophied, and the right takes up a median position, con- 
sequent upon the torsion of the body, or even migrates over to the left side. 
Air-breathing snails have the gills replaced by a sac-like cavity, the lung 
occupying the place of the gill-cavity. The walls of this respiratory cavity 
are covered with a finely branched network of blood-vessels. The Ampul- 
lariidae and Siphonariidae possess both gills and lungs. The opening of the 
respiratory cavity is reduced to a round or crescentic aperture, called the 
breathing pore. The sides of this pore, in operculated snails, are often pro- 
duced outwards, so as to form a closed or cleft tube, corresponding with which 
there is frequently a canal-like process of the shell. 
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Gastropods are remarkable for the extreme differentiation of their repro- 
ductive organs. The sexes are distinct in the Prosohranchia and Heteropoda, 
but united in the Opisfhobmnchiata , Pteropoda and Pahnonata. The ovarian 
and seminal ducts of hermaphrodites sometimes open into a common cloaca, 
or they may terminate in separate openings. 

The shell, as has already been remarked, is secreted by the mantle, and is 
limited in form and size by the configuration of the intestinal sac. It is 
composed of a chitinous substance ( conchiolin ) infiltrated with lime carbonate, 
or exceptionally with sulphate of lime in small quantities. Shell characters 
are of great importance in distinguishing genera and species, but their value 
in classifying larger groups is comparatively slight, owing to the fact that 
very similar shells are often developed among forms which differ widely in 
their general organisation. Two forms of shell-habit occur, the symmetrical 
and the spiral. The first are flat, conical or saucer-shaped, and characterise 
only a few groups ( Cydohranchia , Aspidobranchia , Pulmonata). Transition 
forms between the symmetrical and spiral are to be observed in conical shells 
with slightly inrolled beaks. Exceptional forms of the spiral shell are seen 
in Vermetus , which is irregularly coiled, and in Planorbis , Bellerophon and 
Atlanta , coiled in one plane (discoidal). Usually the shell forms a screw-like 
spiral, and rests upon the back of the creature in such a way that the apex is 
directed upward and backward, the aperture forward and downward. Holding 
the shell upright so that the apex is above, and the aperture below, facing 
the observer, it is said to be right-handed or dextral when the opening is on 
the right side, and left-handed or simstral when on the left side. By far the 
larger number of Gastropods are dextral ; but a few ( Clausilia , Physa, Spirialis) 
are normally sinistral. Right-handed individuals of normally left-handed 
genera, as well as pathologic sinistral individuals of normally right-handed 
forms, are occasionally met with. 

In drawing and describing Gastropod shells, the apex is ordinarily directed 
upward, so that the right- or left-handedness may be seen at a glance. It is 
also customary to employ the terms above and below in the same sense as 
posterior and anterior. The height or length of the shell is measured by a 
line drawn from the apex to the lower margin of the aperture. 

The shell is to be considered as a more or less rapidly widening cone, 
which is wound either around an axial pillar, called the columella , or about a 
central tubular cavity. Each coil of the tube is termed a whorl, and all the 
whorls except the last one form together the spire . The last or body whorl 
is often very much larger than the preceding ; its lower, sometimes flattened 
surface is called the base. As a rule, the whorls are in contact with each 
other, each in succession either partly or entirely covering the preceding ; but 
in rare cases they form a loose spiral, in which the whorls are separated from 
one another. The spire is said to be convolute when the later whorls 
entirely conceal the earlier ones, as in Gypraea . The line between two con- 
tiguous whorls is known as the suture . According to the manner of inrolling, 
various shell contours are produced, requiring numerous descriptive names, 
such as conical, auriform, turbinate, fusiform, cylindrical, spherical, oval, 
pyramidal, etc. 

"When the inner parts of the whorls coalesce to form a columella, the shell 
is said to be imperforate ; it is perforate when they do not so coalesce, but 
leave a central tubular cavity instead. The opening of this perforation below, 
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in the' centre of the base, is designated the umbilicus . A true umbilicus 
reaches to the apex of the shell ; when confined to the last whorl only, it is 
called a false umbilicus. An umbilical fissure is sometimes produced through 
a partial covering of the umbilicus by the reflected inner lip, or by a shelly 
growth termed the callus . 

The aperture is variable in form, being most commonly oval, rounded, 
crescentic or half-round, but is sometimes contracted or even fissure-like. Its 
margin is called the peristome, the outer part of which forms the outer lip, and 
the part next the columella the inner lip. Some shells have a continuous, 
uninterrupted peristome, but as a rule the inner and outer lips are discon- 
nected. The aperture is said to be entire when 
rounded anteriorly (inferiorly), as in the Eolosto - 
mata ; it is channelled when a basal notch or 
canal, caused by an inbending of the margin 
next the base of the columella, is developed. 

This anterior canal serves for the lodgment of 
the siphon, as the tube is called which conducts 
water to the gills ; it may be either straight or 
recurved, and in the SipJionostomata it is greatly 
produced, sometimes even exceeding the aper- 
ture in length. The outer lip may be entire or 
incised, thin and sharp or thickened, curved 
outward (reflected) or inward (inflected), even 
or erenulated, or it may be produced into alar 
or finger-like processes. It is sometimes chan- 
nelled by a canal at the posterior border, in 
which the anal or excurrent canal is placed. 

The upper or posterior portion of the inner 
margin is commonly designated as the parietal 
wall, in contradistinction from the lower or 
columellar portion. The inner lip is formed 
either by the wall of the penultimate whorl, or 
by a calcareous callus ; like the outer lip and 
columella, it may bear spiral folds, which in 
some cases extend backward as far as the MUm mvnialis Linn . view of shell 
apex (Fig. 843), but sometimes are progres- f J 3 ° 1 5| lfcudinally! showill s 

sively absorbed internally. 

The external ornamentation usually consists of impressed lines or grooves, 
or of elevated ridges, ribs, folds, nodes, spines and the like. The markings 
are called spiral when they run parallel with the suture, and axial or 
longitudinal when they meet the suture at right angles or obliquely. Many 
Gastropods are brilliantly coloured ; some have a smooth or rough, and others 
a velvety or hairy epidermis. The fossilisation process is usually destructive 
not only of the epidermis, but of the coloration as well. 

The essential constituent of univalve shells is aragonite, which usually 
forms a homogeneous, porcelain-like layer. Many families have in addition 
to this an inner nacreous layer, which is made up of alternating strata of 
conchiolin and calcium carbonate, running parallel with the inner surface of 
the shell. The porcellanous material is composed of three distinct layers, 
each of which is made up of thin laminae, and the laminae in turn of very 
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small oblique prisms. The laminae of the middle layer are disposed at right 
angles to those of the adjacent layers. 

Many Gastropods have a calcareous or horny plate, called the operculum , 
attached to the posterior part of the foot, and serving to close the aperture 
more or less completely when the animal withdraws into its shell. Being 
most commonly of corneous nature, it is seldom preserved fossil ; sometimes, 
however, it is calcareous, and may attain considerable size and thickness. On 
the outer surface it may be smooth, furrowed, granulated or covered with 
excrescences. The nucleus or initial point of growth is sometimes central, or 
may be eccentric or even marginal in position ; it may be surrounded by con- 
centric markings, or form the origin of a spiral consisting of few (paucispiral) 
or many (multispiral) whorls. Certain Solariidae have a conical operculum, 
which is covered externally with numerous spiral lamellae. 

The embryonic stages of Gastropods are usually completed in the egg- 
capsule. Early in its development the embryo forms a small shell, the proto- 
conchy which consists sometimes of several whorls, and not infrequently differs 
in form from the shell of the adult. The protoconch remains attached 
to the apex for a time, in the form of a small glistening knob, or a short 
smooth spire, which occasionally stands at an angle to the rest of the shell, or 
is even twisted in a contrary direction (heterostrophic). Should the protoconch 
become decollated, a small calcareous plate closes over the apex of the spire. 

All branchiate Gastropods are aqueous in habitat, but there are some 
forms having a lung-cavity which live permanently in fresh water (Lymnaeidae), 
and others which are exclusively marine (Siphonariidae). The greater number 
of Gastropods, especially the large and solid forms, frequent the coast-line, 
and inhabit comparatively shallow water. Some become attached to rocks 
and plants, others burrow in sand or mud. A great reduction in the Gastropod 
fauna is noticed at a depth of between 70 and 100 metres, but many genera 
( Pleurotoma , Fusus, Xatica, Odostomia , Eulima, Scissurella , Turbo , Cylichna , 
Tornatina , Adaeon, etc.) persist into the greatest depths yet explored. Most 
marine Gastropods are killed by removal into fresh water; a few genera, 
however, are able to maintain their existence in brackish or in fresh water 
( Gerithium , Litforina , Rissoa , Trochus , Purpura , etc.). On the other hand, many 
fresh-water forms (. Melania , , Melanopsis , Neritina , Ampullaria , Lymnaea , Planorbis) 
can survive in brackish or even strong salt water. There are also large 
numbers of terrestrial Gastropods, especially in tropical regions. 

Most Gastropods are herbivorous, but a few subsist upon living or decom- 
posed animal food. Many genera (Natica, Buccinum , Murex) perforate the 
shells of other Mollusks with their radula, and extract the contents. 

Glassification. — Ordinal divisions have been based since the time of Cuvier 
and Milne Edwards upon the respiratory organs, and the structure of the foot 
(whether adapted for swimming or crawling). The reproductive organs, and 
the structure of the heart and nervous system, are also of prime importance. 
For separating smaller groups, shell characters and the radula are largely 
employed. Gastropods may be divided into two subclasses : Strepioneuray 
with the orders Ctenobranchiata and Aspidobranchia ; and Euthyneura , with 
the orders Opisthobranchia and Pulmonata. 
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Subclass 1. STREPTONEURA Spengel. 

(Prosob ranch} a Cuvier ; Cochlides von Ihering.) 

Gastropods in which the visceral commissures are crossed , producing an 3-shaped 
loop; sexes separate ; heart behind the gill; a shell almost always developed , and 
with few exceptions provided with an operculum . 

The Streptoneura, or Prosobranchiates as they are often called, constitute by 
far the largest group of Gastropods, and comprise at least 20,000 living and 
fossil species. The shell is usually spiral, more rarely symmetrical, saucer- 
shaped or conical. The intestinal sac is twisted from left to right, so that 
the anal opening is placed on the right side near the head, and the organs 
normally belonging to the right side (kidneys and gills) migrate over to the 
left. As a rule, one only (the right) of the lamellar gills is fully developed, 
but in some cases the two are of equal size. The gill veins enter anteriorly 
into the single or double-auricled heart. 

The large number of Prosobranchiates have been variously classified. 
Cuvier, Milne Edwards, and most of the older zoologists laid emphasis upon 
the number and formation of the gills ; Troschel and Loven upon the char- 
acters of the radula ; von Ihering upon the nervous system ; Morch and more 
recently Perrier and Bouvier upon the structure of the heart. As none of 
these characters leave a marked impress upon the shell, they are without 
practical value in Paleontology. Nevertheless, the two orders Aspidobranchia 
and Ctenobranchia form natural groups, and are recognised, albeit under 
different names, in all classificatory systems. 

Order 1. ASPIDOBRANCHIA Schweigger. 

( Gyclobranchia and Scutibranchia Cuvier.) 

Nervous system not much concentrated anteriorly ; a penis generally absent ; radula 
multiserial 

This group includes most Paleozoic Gastropods, aud Is regarded as the most 
primitive expression of the class. The nervous system and radula are of low, decidedly 
generalised type, and in some families two symmetrical ctenidia or gills are developed, 
as in Pelecypods. 

Suborder A. DOCOGLOSSA Troschel. Limpets. 

(Gyclobranchia pars Cuvier; Eeterocardia Perrier.) 

Symmetrical , with conic or bowl-shaped non-spiral shells , or with spiral shells coiled 
in the same plane ; operculum wanting . Organs of respiration represented either by a 
ring of laminae (secondary or pallial gills) beneath the mantle margin , or by a comb- 
shaped true gill in front , anterior to the heart , or by both true and secondary gills. 
Tongue set with peculiar modified teeth. Heart with one auricle. Marine . Cambrian 
to Recent. 

The impression of the adductor muscle in the shell cavity is horseshoe-shaped, 
open in front. In the family Tryblidiidae, the horse-shoe is broken into numerous 
separate impressions. The three families Patellidae, Acmaeidae and Lepetidae have 
the impression uninterrupted, and are distinguished by the structure of thfe gills. The 
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shells themselves exhibit little variation in form, and hence their generic and even 
family affinities are almost always doubtful m the fossil state. About 400 Recent 
species of limpets are known ; these are almost exclusively shallow water inhabitants, 
and subsist on algae. Fossil forms are uncommon. 

In this very primitive group two divisions have been proposed by Ulrich and 
Scofield : (1) the Patellacea , which embraces the first three families noted below ; and 
(2) the Bellerophontacea, including the remaining five families. The latter group by 
Meek was regarded as involute Fissurellidae, a view which is not without plausibility. 

Family 1. Patellidae Carpenter. 

Patella Linn. Cup-shaped, round or oval, depressed conical, with sub-central or 
eccentric apex. Surface usually with radiating ribs or striae. Silurian to Recent. 

Helcion Mont£ Differs in having the beak strongly recurved anteriorly. Eocene 
to Recent. 

Helcioniscus Dali ; Nacella Schum. Recent. 

Family 2. Acmaeidae DalL 

Acmaea Eschsclioltz (Tectura auct.) (Fig. 844, B). Like Patella , but shell having 
generally a differentiated marginal band inside ; externally smooth, finely striated, or 
radially ribbed. Beak anterior to the middle. Silurian to Recent. Lottia Gray is 
closely allied. 

Scurria Gray (Fig. 844, G ). High conical, smooth, with sub-central beak. Jura 
to Recent. 


A LCD 



Pin. S44. 


.1, ArchimceUa cimjulatit Ulr. Ordovician ; Kentucky. L, Acmaea vcanconrti Desk. Eocene ; Anvers, near 
Paris. C, Scurria nitida Deslongeli. Upper Jura ; Langrune, Calvados. Vi* A Ilelcionopsis striata Ulr. 
Ordovician ; Kentucky. 

Metoptoma PhiL Depressed conical with sub-central beak. Posterior side exca- 
vated. Silurian to Carboniferous. 

Lepetopsis Whitf. Silurian to Carboniferous. 

The genera Palaeacmaea Hall; Archinacella Ulrich and Scofield (Fig. 844, A); and 
Scenella Billings are the oldest representatives of the Docoglossa. They are small, 
smooth or radially ornamented, and scarcely to be distinguished from Acmaea. 
Lepeta Gray and Lepetella Verrill are small simple limpets of the Recent and late 
Tertiary, with degenerate, aborted gills. They form the family Lepetidae. 

Eelcionopsis Ulr. and Scof (Fig. 844, D), and Gonchopeltis Walcott, from the 
Ordovician of North America, are doubtfully referred to this vicinity. 

Family 3. Tryblidiidae Pilsbry. 

Limpets with the muscle scar "broken into numerous separate impressions. Silurian. 
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Tryblidium Lindstrum (Fig. 845). Shell depressed, very thick, oval, with anterior 
beak ; ornamented externally with concentric lamellae. Six pairs of muscle scars 
arranged in the form of a horse-shoe. Ordovician and Silurian. 


Family 4. Cyrtolitidae Ulrich and 
Scofield. 

Symmetrical , involute shells with two or 
three volutions , barely in contact, sharply 
angular dorsally ; aperture not expanded, the 
sinus V-shaped, never deep , sometimes want- 
ing ; slit absent; surface reticulate . Ordo- 
vician and Silurian. 

Gyrtolites Conrad (Fig. 846, A, B). Shell 
carinated on the back and often on the 
sides, giving a sub-quadrate cross section ; no 
slit band. 

Gyrtolitina Ulrich. Small thin shells 
with a slit band. 

Microceras Hall. 



TiyUt'hum ret leubi turn Lmdstrom. Silurian; 
Gotland. J, Internal, and B, external aspect 
(after Lindstrom). 


A 


B 


C 


D 


E 



A, B } Cyrtohtes onwtws Conrad. Ordovician of Boonville, New York, and Cincinnati, Ohio. C-E, Sinuites 
cancelhitub (Hall). Ordovician of Minnesota. 


Family 5. Sinuitidae, novum. ( Protowarthiidae Ulr. and Scof.). 

Symmetrical, involute shells with aperture not abruptly expanded; outer lip and 
lines of growth with a broad or narrow dorsal sinus ; slit and band wanting. 

Sinuites Koken (Protoioarthia U. and S.) (Fig. S46, G-E). Aperture large with 
outer lip bilobate ; fc dorsum convex ; umbilicus closed. Ordovician to Devonian. 
Bucanella Meek. Dorsum of shell trilobate ; umbilicus large. Silurian. 

Owenella Ulr. and Scof. Cambrian. 


Family 6. Bucaniidae Ulrich and Scofield. 

Symmetrical, involute shells with rather numerous whorls merely in contact or 
embracing slightly, all visible in the umbilicus; aperture often expand ed. abruptly ; dorsal 
slit band distinct with the slit long and narrow; surface with transverse lamellae or 
lines usually crossed by short ribs. Ordovician to Devonian. 

Bucania Hall (Fig. 847, A , B). Shell of three to five depressed volutions coiled 
in a plane, generally with a wide umbilicus and with aperture never abruptly 
expanded. Ordovician and Silurian. 

Salpingostoma Roemer (Fig. 847, G). Aperture abruptly expanded, trumpet-like ; 
outer half of last whorl with a long, narrow slit closed some distance behind the 
apertural expansion, Ordovician and Silurian. 

Trematonotus HalL Like Salpingostoma except that the slit band is replaced by 
a row of perforations. Silurian and Devonian. 
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Ftu. S47. 

A, U, Bucama halli IJlr. and Scof. Ordovician ; Minnesota. C. Salpinr/nsttmct bntlli (Wlntf.). Ordovician ; 
Illinois, D, E, Conradclla fmbnatu Ulr. and Scof. Oidovician ; Minnesota 


Tetmnota U. and S. Like Bucania, but with, four dorsal ridges. Ordovician 
and Silurian. 

Kokc/via U. and S. Ordovician. Megalomphala Ulr. ; Oxydiscics Koken, 
Ordovician to Devonian. 


Family 7. Bellerophontidae M‘Coy. 

Symmetrical involute shells with rapidly enlarging whorls , mouth expanded 
laterally and rentrally but not dorsally ; umbilicus small or closed ; inner lip thickened , 
outer with a short slit; slit band always present ; surface with lines of growth only or 
cancellated . Cambrian to Triassic. 

The Bellerophontidae were classed by Montfort with the Cephalopoda ; by Deshayes, 
on account of their resemblance to Atlanta , with the Heteropoda ; and by de Koninck 

with the Aspidobranchiates. The 
thick shells sometimes retain traces 
of their original pigmentation. At 
least 300 Paleozoic species have 
been described. 

J Seller ophon Montfort (Fig. 848). 
Distinguished by : (1), the absence 
of sculpture save the lines of 
growth; (2) the small or entirely 
closed umbilicus ; (3) the moderate 
expanse of the aperture; (4) the 
callosity on the inner lip, and (5) 
a well developed slit band terminat- 
ing in a slit in the outer lip. Or- 
dovician to Permian, maximum in Carboniferous. 

Batellostium Waagen. Like Bellcrophon , but aperture greatly expanded. Devonian 
and Carboniferous. 



Fig. SIS. 

Bellcrophon bica rants Leveille. Lower Carboniferous ; 
Toumay, Belgium. 
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Euphemus M : Coy (Fig. 849). Differs* from Belle rophon m tlie revolving folds of 
the inner lip. Carboniferous. 

Bucanopsis Ulricli. Ordovician to Peimian. 

TVarthia , il logulia, and Stacliella Waagen. Carboniferous. 



Fig. S49. 


Fig. SoO 


Euphrmns uni Firming. Low ei 
Carboniferous ; Edinburgh. 


Cat i/unonsi* »r yaihulv Hall. 
Ordovician; Kentucky. 



Family 8. Carinaropsidae Ulricli and Scoficdd. 

Symmetrical , almost pcitellifonn shell & of not more than two volutions with greatly 
expa nded aperture within which is a brocul concave septum. 

GarinaropsisHB.il ( Phragmostoma Hall, non Waagen) (Fig. 850). Dorsum carinate ; 
slit band occasionally distinguishable. Ordovician and Silurian. 

Suborder B. RHIPIDOGLOSSA Troschel. 

(Scutibranchiata Cuvier ; Zygobranchia and Diotocardia von Ihering.) 

Symmetrical and limpet-like or with spiral shells. Gills plume-like , tv:o and sym - 
metrical, or single. Badula with several large plates or teeth in the median portion , and 
excessively numerous, crowded, narrow, hook-shaped teeth. Operculum often present. 

The Rhipidoglossa comprise both air-breathing and aquatic forms, and are divisible 
into two series : Zygobranchia , in which two gills are developed, and the shell is 
generally perforated at the apex or has a slit in the outer lip ; and Anisobranchia, 
with a single gill and generally nnslit shell 

Family 1. Haliotidae Fleming. 

Shell f attened, auriform, with wide aperture, and no operculum. Interior nacreous, 
with a row of perforations on the left outer margin . Marine. Cretaceous to Recent. 

Haliotis Linn. This, the solitary genus, o ecru's very rarely fossil except in the 
Quaternary. 

Family 2. Pleurotomariidae d’Orbigny. 

Shell spiral, sub-spherical, turbinate, ponic , turreted or Planorboid, nacreous inter- 



Fig. S51. 

A, Pleurutoviariu, (Raphistomdia) Indians Wissm. Keuper; St. Caspian, Tyrol. I?, Plcurotomnna 
(Cryptaenia) pohta Goldf. Lower Lias ; Goppiugen, Wurteiuberg. 
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nally. Outer lip with a slit, from which a slit-hand ( the anal fasciole) extends backward, 
traversing (til the whorls . The slit sometimes replaced by one or more perforations. 
Operculum horny. Cambrian to Recent. 

Pleurotomaria Sowb. (Figs 851-853). Shell broadly conical or turbinate; spire 
sometimes high, -in other cases depressed ; umbilicus present or absent Outer lip 
with slit ; growth -lines strongly recurved, meeting in the slit-band. Silurian to 
Recent. Four living and several hundred fossil species known. Rare in the late 
Tertiary. 

Subgenera : Ptychomphalus Agassiz ; Moudonia , Worthenia , Ayncsia de Koninck ; 
Oosselctina, I vania (. Baylea de Ivon.) Bayle ; Eapkistoniclla (Fig. 851, A ), Zygites , Laubclla , 


B 



Fig. S32 

Jl, Plcv Oittnna da hitorquata Dpslongchamps. Middle Lias ; May, Calvados. B, P. subbcalaru, 
Deslongchamps. Lower Oolite ; 'Bayeux, Calvados. l/ 2 . 



Fig. S53. 

PPurotomuria (Lcptoitiarla) macron) pkalla Zittel. Tithonian; Sfcramberg, Moravia. 


Stuorella , Schizodiscas Kittl ; Brilonella Kayser ; Respericlla Holzapfel ; Cryptacnia (Fig. 

851, B ), Leptomaria Deslongchamps (Fig. 853), etc. 



Fig. 854. 

Porcdlia puzosi Leveille. Car- 
boniferous ; Toumay, Belgium. 


Porcellia Leveille (. Leveilleia Newton) (Fig. 854). Shell 
discoidal, flat, widely umbilicate, nearly symmetrical, and 
all but the first few whorls coiled in the same plane. Outer 
lip sharp, with long slit. Slit-band prominent, traversing 
the central portion of the whorls. Devonian and Carboni- 
ferous. 

Kohenella KittL Very flat, discoidal, and only slightly 
asymmetrical, with a broad slit -band. Trias. K. fischeri 
(Hoernes). 
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Polytremaria cle Kon. Shell turbinate, "with band replaced by a row of perfora- 
tions, of winch the posterior ones are successively closed. Carboniferous- 

Litre maria d’Oib. (Fig. 855). Two oval perforations- connected by a slit are 
present behind the outer lip ; base with an umbilical callus. Jura. 


Trochotoma Deslongch. Shell turbin- 
ate, with conical base. A slit closed at 
either end is jiresent behind the outer 
lip, and corresponding to it is a slit-band. 
Trias and Jura. 



Fir;. S55. 

Ditr<’iiia?ui (jianulifeiiL ZitteL Upper Tithonian , 
Stramberg, Moravia 


A B C 



Fi».. tsoO 


J., Mumiisonvi at a d’Areli. and Vein. 

Devonian; Pa tf rath. near Cologne, il, M. hbnm 
Klipstem. Trias; St. Ca^ian, Tyrol <\ M. 
s uhsuhata de Kon. Lower Caibomteious ; Tour- 
nay, Belgium. Last two whorls, s/j. 


Schizogonium Koken ; Temnotropis Laube ; Cantantostoma Sandb. Devonian. 
Murchisonia d’Arch and Yern. (Fig. 856). Shell turreted, wuth numerons smooth 
or ornamented whorls Outer lip -with a slit, and corresponding to it a blit-hand. 
Cambrian to Trias. Maximum distribution in Devonian and Carboniferous. 

Lophospira Whitf. (Fig. 85 7, A , B). Shell with more or less elevated spire ; 
whorls angular on the periphery and bearing from one to five distinct caiinae. 
Ordovician to Devonian. 

Hormotoma Salter (Fig. 857, D). Elongate, headed, practically imperforate ; outer 
lip with broad, deep notch. Ordovician and Silurian. 

Liospira Ulr. and Scof. Shell lenticular with aperture deeply notched and 
band scarcely distinguishable. Ordovician and Silurian. 

Schizolopha and Turrit oma Ulrich. Ordovician and Silurian. Seehja, Phfhospira 
A BCD 



Fig. S5T. 

B, Loiihnspim sumnemish (Salford). Ordovician ; Tennessee. C, Trepospim spherulpto (Conrad). Coal 
Measures ; Illinois. D , Hormotoma sulteri Ulrich. Ordovician ; Kentucky. 


and Euconia Ulrich. Ordovician. Coelocaulus QEhlert; Glathrospira Ulr. and Scof. ; 
Ectomaria Koken (Solenospira Ulr. and Scof.). Ordovician and Silurian. Bembexia 
CEhlert ; Trepospim Ulr. and Scof. (Fig. 857, C). Devonian and Carboniferous. 


Family 3. Fissurellidae Risso. 

Shell symmetrical, cap - or limpet-shaped, non-nacreous, icithout operculum. Apex 
erect or pointing backward, often recurved , perforated. Anterior margin often with a 
fissure; young shell with a spiral protoconch. Marine; shore forms. Carboniferous to 
Recent. 
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Of tlie three subfamilies into which this group is divided, the Fissurellinae are 
known only in the recent fauna. Fismrellidinae occur in the Pliocene ; all the 
earlier form* are Eniarginulmac. 

Fissarella Brag Shell conical, oval, with an oval apical orifice 
hounded inside by an entire callus. Recent. The numerous fossil 
species referred to this genus belong to Fissurideci . 

Fissurellidea d 5 Orb. ; Pupillaea Gray ; Megatebcnnus and Luca- 
pinella Pilsbry; Macroschisma Swains. These are all Recent genera, 
with the apical orifice very large. 

L ucapina Gray. Like Fissurella , but with large apical orifice 
and finely crenate periphery. Pliocene and Recent. 

Fissuridea Swains. (Gfhjphis Carp. ; Fissurella auct.) (Pig. 858). 
Shell conical, oval, with apex in advance of the middle, giving 
place to a perforation which is bounded inside by a posteriorly 
Carboniferous 0 to Recent ; very abundant in the Tertiary. 
Puncturella Lowe. Shell conical, with a perforation at or in front of the post- 
median apex, behind which there is a shelf within the cavity. Eocene to Recent. 
Emarginida Lam. (Figs. 859, 860). Conical or cap-shaped, with persistent post- 



Fii.. SOS. 

Fibril vh-iL itahm 
iVfr. Miocene , 
Grand, Hungary, 


truncate callus. 





Fit.. S39. 

Fmai gmula schlotheimi 
Bronn. Olicocene; Wem- 
lieim, near Alzey, Baden. 


Fig. StiO. 

Emnujmula nwnstcn Pictet. 
Keuper ; St. Cassian, Tyrol. 
A, B, Natural size. C, Enlarged. 


Fia SGI. 

Itiinula ffoUlfum (Roem). 
Coial-Rag ; Hohoneggelsen, 
Hanovt*r. A, Natural size. 
Z>\ Enlarged. 


median apex, and a slit in the front margin of the shell Surface cancellated. 
Carboniferous to Recent. 

Rimula Defr. (Fig. 861). Like the last, but slit replaced by a closed hole on the 
anterior slope. Lias to Recent. 

Subemaryinida Blainv. Like Emarginula , but slit short or wanting, and no slit- 
band. Eocene to Recent, 

Scutus Monti (Parmophorus Blainv.). Shell depressed, oblong, without fissure, 
slit, or slit-hand ; muscle impression near the e^ge. Eocene to Recent. 

The families Phenacolepadidae, with the single genus Phenacolepas Pils. (Scutcllina 
Gray), Cocculinidae and Addisoniidae are recent groups allied to the Fissurellidae. 


Family 4. Euomphalidae de Koninck. 

Shell depressed conical to discoidal , spirally coiled , more or less deeply and widely 
umbilicate. Whorls sometimes in a loose spiral , smooth or angular ; the earlier whorls 
frequently separated off by partitions. Outer lip usually with a shallow indentation. 
Operculum calcareous. Cambrian to Cretaceous. 

The Euomphalidae belong primarily to the Paleozoic era. They have been 
variously associated with the Trochidae, Turbiriidae, Littorinidae and Solariidae. The 
shells bear a strong resemblance to those of the last-named group, but in Solarium the 
embryonic apex is sinistral, whereas in the Euomphalidae it is dextral. Opercula are 
known with certainty in only a few genera, such as Maclurea, Be Koninck surmised 
that the deeply excavated, slipper -shaped opercula from the Carboniferous, described 
originally as Galceola dumontiana , are referable to Euomphalus. 
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StraparolUnci Billings. Cam! man. Ophilcta Vanuxem. Cambrian to Siluiian. 

2 Iaclurea Leseueui* ; Madunaa Ulr. and Scof. Ordovician and Silurian. 

Platijscliisma M 4 Coy. Thin - shelled, depressed 
conical, smooth. Umbilicus relatively narrow; outer 
lip with broad sinus. Silurian to Carboniferous. P. 
helicnules Sowb. Carboniferous. 

Stniparollus Month (Fig. 862). Turbinate to 
discoidal, with broad umbilicus. Whorls smooth or 
with fine transverse striae. Silurian to Jura ; especially 
abundant in Devonian and Carboniferous. 

Phanerotinus Sowb. Like the last, except that the 
whorls form an open spiral. Carboniferous. 

Euomphalus Sowb. (Pleuronotus Hall; Sch kostoma 
Broun) (Fig. 863). Depressed conical to discoidal, with wide umbilicus. Spire 
flattened or even concave superiorly ; whorL angular, the edges sometimes set with 
nodes ( Phymatifer de Kon.). Outer lip with emargination at the upper angle. Silu- 
rian to Tuas ; maximum in Carboniferous. 




Flu S63. Fig. S64. 

Eimiphalus catillus (Sowb.). Carboniferous; Ealdare, Ireland. Discohchx oihs Reuss. Middle Lias ; 

n, Superior, and B, Inferior aspect Hintcr-Scbafberg, Austria. 

Subgenera : Omphalocirrus de Ryckliolt. Devonian and Carboniferous. Coeiocentriis 
Zittel. Trias. 

Discohelix Dunk. (Fig. 864). Flat, discoidal ; upper side flat or slightly concave, 
the lower widely umbilicate. Whorls rectangular, with sharp edges. Trias to 
Oligocene. 

Eccyliomphalus Portlock ; Eccylioptenis Remele ; Edicotoma Salter. Ordovician 
and Silurian. 


Family 5. Raphistomidae Ulrich and Scofield. 

Comprising shells intermediate between the Euomphalidae and Plenrotomariidac , and 
regarded as ancestral to these families and the Trochidae. 

Eaphistoma HalL Shell depressed or completely flattened ; whorls angular above ; 
umbilicus moderately broad; outer lip with short notch on the keeL Ordovician 
and Silurian. 

Euomphalopterus Roemer. Distinguished by its more rounded volutions and 
excessively developed carinae, Silurian. 

Scalites Emmons, non Conrad. Turbinate, spire only moderately high *and 
acuminate ; whorls flattened superiorly, rising steplike one above the other, sharply 
angular at the periphery, produced below. Body whorl very large, smooth ; aperture 
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sub-triangular, faintly notched ; no umbilicus. Ordovician (Chazy), and according to 
Laube, also Triassie. Type, S. a ay ulatus Emmons. 

Ritphiktomiiia Ulr. and Seof. Ordovician. 

Family 6. Stomatiidae Gray. 

Shell depressed , composed of a few very rapidly widening whorls ; nacreous internally ; 
aperture large. 

With the exception of Stomatia Helb. and Stomatella Lamarck, a few rare repre- 
sentatives of which are known as early as the Cretaceous (perhaps also Jurassic), this 
family belongs to the Recent period. 


Family 7. Turbinidae Adams. 

Shell turbinate, discoid al or turreted , nacreous internally. Aperture rounded or 
oval; inner lip smooth or with callus , the outer lip never reflected,. Operculum cal- 
careous, vcnj thick , convex externally. Ordovician to Recent. 

The extremely abundant Recent Turbinidae are distinguished piincipally by 

characters of the operculum ; 
but inasmuch as this is 
known in but few of the 
fossil forms, the precise deter- 
mination of the latter is 
usually uncertain. It is 
customary, therefore, to group 
under the general head of 

MJ — ... Turbo such fossil turbinate 

Fiu. m. shells with a sub - circular 



Omphnlotrvchus discus Sowb. Silurian ; 
Dudley, England. Vi (after Nicholson). 




'at 



omphniotrochus gidbosus aperture as are not specially 
land. Operculum pio- distinguished by some other 

served in place (after characters. 

m) ‘ Omphalotrochus Meek 

A (. Polytropis de Kon.; 

Oriostoma Lindstrom, 
non Munier - Chaim.) 
(Figs. 865, 866). Dis- 
coidal or depressed 
conical, widely umbi- 

FlG * 8G7 - Fig - 8CS - licate. Whorls round, 

Aitmhnm. (Dolma) rugosum, Linn. Pliocene; Astralium (U vanilla) damn Laube. AT »-nQ-nm-n+n/l 

Pienza, Tuscany. Shell and operculum. Keuper ; St. Cassmn, Tyrol. omameniea WUU 

raised longitudinal 

keek Operculum extremely thick, flat internally, conical externally, multispiral, 
Ordovician to Carboniferous ; especially abundant in Silurian. 

Astralium Link (Figs. 867, 868). Turbinate ; whorls rough, often spinose, and 
usually keeled. Aperture depressed, with disconnected margin. Base more or less 
flattened ; operculum calcareous, thick, flat internally, spirally coiled, and with very 
. eccentric protoconch. Trias to Recent. 

Subgenera: JBolma Risso (Fig. 867); Pachypoma , Lithopoma , Uvanilla (Fig. 868), Ghdl- 
fordia Gray ; Calcar Montfort, etc. 


m 


Turbo Linn (Fig. 869). Turbinate to concial ; aperture nearly circular. Oper- 
culum calcareous, thick, flat internally, externally convex, multispiral, with sub-central 
nucleus. Silurian (?) to Recent. 
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Subgenei a : Sarmatieus , Xinclht (Fig. S60), Modclia , and CMopouut Gra\ ; Se nodus 
Humphr.; BaUllus Sell urn,, etc. 

Gollonia Gray (Fig. 870). Like Turbo , but operculum with a thin calcareous layer 
disposed in a spiral rib. Eocene to Recent. 


Family 8. Phasianellidae Troscliel. 


Shell elongated, oval , thin, smooth, lustrous, poiccllanous, not 
nacreous liiternctlly, 
without umbilicus. Body 
whorl large, with oval 
aperture. Operculum 
calcareous , convex exter- 
nally. Devonian to 
Recent. 

Plutsianella Lam. 

(. PJutsia mat Mont f ) (Fig. 

871). With the char- 
acters of the family. 

Cretaceous to Recent ; 
perhaps also Paleozoic. 




Tmho (Xitbiln) jiurkittoohi 
Bust. Oligocene ; Dax, near 
Bordeaux. 


Fit . S70. 

CoVltUliL [iitOih - tlf 
Fuchs. Olit'oct-ne ; 
Monte Uiumi, near 
Castel Gombeitu, 
Italy. 



Fn.. S71. 

J J .ntsiuin 11a gnmuicn 
Zekeli. TuiouianjGosau, 
Austria 


Family 9. Delphinulidae Fischer. 

Shell turbinate or discuulal, usually thick, nacreous internally , and ornamented 
externally with spines, ribs or folds. Aperture circular, peristome entire; outer lip 
usually expanded or thickened. Operculum horny , often strengthened by a thin calcareous 
outer layer . Silurian to Recent. 

Graspedostoma Linds trom. Globose, narrowly umbilicate, with short spire, and 
large transversely striated or cancellated body whorL Inner lip with an alar process 
at the end of the columella. Silurian. C. elegant uluni Lindstrom. 

Grossostoma Morr. and Lyc. (Fig. 872). Depressed turbinate, smooth, without 



Fig. S72. 

Crossostoma reft? a* 
lab rum (d’Orb.). 
Middle Lias ; May, 
Calvados. 



Fig. S73. 

Liotia ijervillci 
(Ueshayes). Calcaire 
Grossier ; Haute- 
ville, near Valogne, 
Fiance. 



Fig. S74. 

Ddphinulu segregate 
Heb. et Desl. ‘ Callo- 
vian ; Montreiul - Bel- 
lay, Mame-et-Loire. 



Fig. S75. 


Delphinula scohina 
(Brongmart). Oligocene ; 
Gaas, near Dax, France. 


umbilicus. Spire short, aperture round, narrowed by a callus. Outer lip somewhat 
reflexed. Trias and Jura. 

Liotia Gray (Fig. 873). Depressed turbinate, with transverse swellings. Aperture 
thickened by a callous rim. Jura to Recent. 

JDelphinula Lam. (Angaria Bolt.) (Figs. 874, 875). Depressed turbinate, um- 
bilicate. Whorls scaly, spinous or spirally ornamented. Aperture circular, lip 
without thickening. Trias to Recent 
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Family 10. Trochonematidae Zittel. 


Shell pyramidal , turbinate or discoidal , dextral or dnistral , mY/i internal nacreous 
layer. IVhorls convex, with one or more longitudinal heels , and slightly undulating 
transverse striae or ribs. Aperture rounded, sometimes with faint notch. Operculum 
unknown, presumably horny. Marine. Cambrian to Cretaceous. 


This extinct group is very abundant in the Paleozoic, and notably so in Jurassic 
rocks. The shells, as a rule, are highly ornamented, and have been associated by some 
with the Littorinidae, by others with the Turbinidae or Purpurinida§. They form 
a distinct family, which is best placed in the neighbourhood of the Turbinidae and 
Trochidae. 

Trochonema Salter. Pyramidal to turbinate, deeply umbilicate, longitudinally 
keeled and transversely striated. Aperture round ; the umbilicus surrounded by a 
keel Cambrian to Silurian. 


Euncma Salter (Fig. 876). Pyramidal, with acute, elongate spire, and no umbilicus 
Whorls with two or more spiral keels, and strong transverse striaa Aperture oval 
slightly notched anteriorly. Ordovician to Devonian. 



Fiti. S7G. 

Euncvia strtgilata Sal- 
ter. Ordovician ; Ban- 
quette Falla, Canada. 



Fni. S77. 

Cydlonnnnhilix Conrad. 
Ordovician ; Cincinnati, 
Ohio. 



FiO S7S. 


Ambctlrya nyntanvn 
Munst. Upper Lias ; La 
Veipilliere, near Lyons, 
France. 


Gyclonema Hall (Fig. 877). Turbinate, whorls inflated and ornamented with fine 
spiral striae ; aperture rounded, peristome discontinuous. Ordovician to Devonian. 

Strophostylus and Holopca Hall; Gijronema Ulrich. Ordovician and Silurian. 
Dyeria TJlrich. Ordovician. Bucanospira Ulrich. Silurian. 

Amberleya Morr. and Lyc. (JSucyclus Deslongch.) (Fig. 878). Turbinate to 



CltYus nodosus Sowb. Lower Oolite ; Yeovil, England. 


pyramidal, with deep sutures, and no umbilicus. Spiral keels usually nodose or spiny, 
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and crossed by .strong transverse striae, which are more numerous m the lower portion 
of the whorls than in the upper. Aperture rounded, sometimes with a shallow notch. 
Trias to Cretaceous ; common m all divisions of the Jura. 

Oncosjnra Zitt. Pyramidal, spirally ribbed, with one or two transverse swellings 
on each whorl, disposed continuously along the spire. Jura. 

Hamusina Gemni. Smistral, with nodose longitudinal keels, and no umbilicus. 
Lias. 

Platyacra v. Ammon (Fig. 879). Like the last, hut with flattened apex, and the 
earlier whorls discoidal. Lias. 

Cirrus Sowb. (Sccievola Gemm.) (Fig. 880). Sinistral, turbinate shells, deeply 
and widely umbilicate. Spire acuminate ; whorls spirally keeled and striated, and 
with strong transverse ribs. Trias to Middle Jura. 

Family 11. Trochidae Adams. 

Shell conical , turbinate or pyramidal, nacreous internally. Aperture trapezoidal or 
sub-circular , peristome disconnected , inner lip often bearing a tooth. Base more or loss 
flattened ; operculum thin , horny. Ordovician to Recent. 

Precise determination of the numerous fossil Trochidae is not less difficult than 
that of the Turbinidae. Paleozoic and Mesozoic forms in many cases do not harmonise 
with recent genera, but represent rather col- 
lective types, in which characters now distri- 
buted amongst several genera or even families 
are united. Shells incapable of more accurate 
determination have been commonly assigned to 
the genus Trochus. Among the more ancient 
true Trochidae may be mentioned the following : 
the Trochus species described by Lindstrom 
from the Silurian of Gotland ; also Flemingia 
and Glyptobasis de Koninck, and Microdoma 
Meek and Worthen, from the Carboniferous ; 

Turbina (Fig. 881) and Turboncllina de 
Koninck, ranging from the Carboniferous to 
the Trias. 

Trochus Linn. (Fig. 882). Shell conical or pyramidal ; whorls slightly convex or 
flat ; base angular at the periphery. Inner lip often truncated anteriorly, thickened 
or with teeth. Silurian to Recent 

Subgenera : Tcctus Montf. (Fig. 882) ; Polydonta Schum. ,• Clancukts Montf., etc. 

Monodonta Lam. (Figs. 883, 884). Turbinate, with nearly round aperture, the 



Fig. SSI. 

Turhina spinths 
rlunst. Keuper ; St. 
Jassiaiij Tyrol. 


Fig. 882. 


Trochus ( Tectus ) lucti- 
stmun Brongt. Oligo- 
cene; Castel Gomberto 
near Vicenza. 



Fio. 883. 

Monodonta nodosa Munst 
Keuper ; St Caspian, Tyrol. 



Fig, SS4. 

Monodonta ( Oxystele ) patula 
Brocclii. Miocene ; Steina- 
brunn, near Vienna. 



Fig. SS5. 
Gibbula jdeta 
EicbwaltL Mio- 
cene ; Wie.seu, 
near Vienna. 



Fig. SSG. 

Gibbula brocclm 
Mayer. Pliocene ; 
Montopoli, Tuscany. 


columella ending below in a tooth. Trias to Recent. In the subgenera Osilmus and 
Oxystele Phil., the tooth is wanting. 
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Gibbula Risso (Figs. 8S5, 886). Turbinate 01 low conical, umbilicate, and with 
rounded aperture. Tertiary and Recent. 



Fig. SS7. 


Calhottoma bcitii- 
jiunctatuin Mun.st. 
Keuper ; fc>t. Cab- 
bian, Tyrol. 8/i- 



Fig SSS. 


CaUiostuiiia aequaht* 
Buv. Coral-Rag ; St. 
Mihiel. Meuse. 




Fig. 880. 

LeV'isit'llu conicii (d’Orb.) 
Middle Lias ; May, Cal- 
vados. 


Fig. 800. 

Solai'iella 2>c regr ina 
(Liliassi) Pliocene ; Or- 
ciano, Tuscany 


Fig. S91. 

Margai ite a inargantula 
Mer. Oligocene ; Weinlieun, 
near Alzey, Baden. 



Calliostoma Swains. ( Zidphinxis Gray) (Figs. 887, 888). Conical, with peripheral 
keel and flattened base. Trias to Recent. 

Other genera are Gantharidus Montfort ; Leicidella 
Stol. (Fig. 889); Tegula Lesson; Solariella Wood 
(Fig. 890) ; Margarites Leach (Fig. 891) ; Danilia Brus. 
(Fig. 892) ; Gamitia Gray, and many others. Most of 
these have a more or less extensive Tertiary history. 

Family 12. Umboniidae Adams. 

Shell small , usually depressed discoidal , smooth and 
Danilia clafluvM ^itall.)^ Coral-Rag ; i m i roas ^ or Wl fj h j[ ne ^iral striae, and without nacreous 

layer. Outer Up sharp, peristome discontinuous. Um- 
bilicus often concealed by a callus ; operculum horny. Silurian to Recent. 

Allied to the Recent genera Umbonium Link ( Rotella Lam.), Tsanda Adams, 



Balm, near Grossier; Gngnon, Helicocryptus pusillu &(Roem.). Coral- (Auversien) ; Auvers, 

Cracow. near Paris. Rag ; Lindener Berg, near Hannover. Seme^et-Oise. 



etc., are a number of fossil forms, such as Pycnomphalus Lindstrom, from the 
Silurian and Devonian ; Anomphalus Meek and Worthen, and Rotellina de Koninck, 
from the Carboniferous ; Ghrysostoma Swainson (Fig. 893), from the Jura, and others, 
which are probably the ancestors of the Umboniidae. 

Whether the genera Tdnostoma (Fig. 894) and Vitrinella Adams, together with 
their fossil allies from the Carboniferous onward, are rightly assigned to this group, is 
doubtful Helicocryptus d J Orb. (Fig. 895), from the Jura and Cretaceous, is similar to 
Vitrinella. Gyclostremq Marryat, comprising small, lustrous shells, and the spirally 
striated ones known as Adeorbis S. Woodw. (Fig. 896), present some resemblances to 
the Umboniidae ; but, according to Fischer, they form separate families. All of these 
genera have fossil representatives in the Tertiarv. 
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Family 13 Neritopsidae Fischer. 


Shell oval to scmi-ylobos e, with short, shnietinus lattralhj twisted spite, and without 
umbilicus or nacreous layer. Body whorl very la rye ; aperture oval or semicircular. 
Inner lip callous, curved and occasionally notched. Operculum calca- 
reous, not spiral, with sub-central nucleus, and infernally with callous 
cohmellar margin, which forms a broad, angular or rounded process in 
the middle. Devonian to Recent. 

The Neritopsidae are distinguished from the closely related 
Neritidae, principally by the totally different, non-spiial operculum, 
and by the fact that the internal partitions are not resorbed, as in -lohi (knpstem) 
the latter family. Detached opercula have been described under the ^a^Tyroi t ' CaS ' 
names of Peltairon, Scaphanulia, Cyclidia and Rhynchidia. 

Naticopsis M £ Coy (Neritomopsis Waagen) (Figs. 897-899). Shell oval to globose, 
smooth or transversely striated. Aperture oval ; inner lip flattened, somewhat 




Pig. SOS. * 14 * 

A, Naticnjt&ib uvijilvita Phil. Carboniferous : Vi&t, Belgium. XaticOi^ishniniseata Hoemes. Trias; 
B, Operculum of N. planispiin Phil., from same locality (after de Esmo. Lombardy. Ongmal coloration 
Koninck). preserved. 


callous, curved and sometimes transversely striated. Sparse in Devonian, hut very 
common in Carboniferous and Trias. 

Rologyra Koken. Semi-globose, smooth, with faintly impressed sutures. Spire 
short, laterally situated, not res=orbed internally. Inner lip flattened, callous, covering 
the umbilicus, and with sharp margin. Abundant in the Trias. Some species, such 
as H. neritctcca (Munst.), have the original colouring admirably preserved. 

Marmolatella KittL Auriform to cap-shaped, with very short, incurved and 
almost marginal spire. Last whorl much distended ; inner lip callous, broad, 
arched. Trias. M. stomatia (Stopp.), 31. t oiler i (Kittl). 

Natiria de Koninck. Silurian to Carboniferous. Palaconarica Kittl {Pseudo- 
fossarus Koken). 

Naticclla Mimst. (Fig. 900). Thin-shelled, depressed, with straight spire, and 
large, transversely ribbed body whorl. Trias. 

A B 



Fig. 901. 


Fit.. 902. 


JJIC4. .Miu. AV/vhy/Ms’ Moniliformis Giat. Operculum of Xcntopsis nuhiht. 

Kntiirlla twtntn Munster. Miocene; Lapugy, Transylvania. B 1 Recent; New Caledonia. External 

Uppei Trias; Wengen. South- N. s^/misrtHeb. et Deslong. Callovian ; and intei nal aspects (alter Crosse), 

em Tyrol. Monti euil-Bellay, Mume-et-Loiie. 1 / 1 . 
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Platychilina Koken (Fnsmriopsis Laube). Spire depressed, straight; last whorl 
large, surface rough, tuberculose. Inner lip even, with simple margin. Trias. P. 
pustulosus (Munst.;. 

Delphinu!o})sis Laube. Like the last, but spire composed of loosely connected 
whorls. Sutures deep. Body whorl with nodose longitudinal keels. Inner lip even, 
with sharp margin. Trias. D. hiaodosa (Munst). 

Xeribpsi* Grat. (Figs. 901, 90*2). Spire depressed, body whorl very large. 
Surface with spiral and transverse ribs or nodes, often cancellated. Inner lip 
thickened, with broad, angular emargination in the middle. Trias to Recent. 


Family 14. Neritidae Lamarck. 

Shell semi -globose, without umbilicus or nacreous layer . Spire very short , somewhat 
lateral; whorls rapidly broadening , the last very large , and earlier ones resorbed 
internally. Aperture st uncircular ; margin of the flattened or calloused inner lip often 
with tath. Operculum calcareous, with a lateral spiral nucleus , and a process for 
muscle attachment on the inner side. Trias to Recent. 


The Xeritidae are partly marine, and partly fresh- water inhabitants. The former 
live usually in the vicinity of the coast, the latter often in brackish water. Since the 
earlier whorls are internally resorbed, moulds of the interior reveal no trace of the spire. 
This character, together with the form of the operculum, serves to distinguish the 
family from the Naticopsidae, from which both it and the terrestrial Helicinidae 
are probably descended. Fossil forms not infrequently retain traces of their former 
coloration. 

Neritaria Koken ( Protonerita Kittl). Spire acuminate, suture deep, surface 
smooth. Outer lip sharp ; inner lip callous, flattened. Resorption of the inner walls 
incomplete. Trias. 

Nerita Linn. (Fig. 903). Thick, ovoid or semi-globose, imperforate.- Surface 
smooth or with spiral ribs. Inner lip callons, flattened, with a straight, often 
denticulate border. Operculum sub-spiraL Trias (?) to Recent. 

(?) Oncuckilus Pethb (Fig. 904). Smooth ; inner lip arched, callous, hearing two 'or 
three teeth on the margin or smooth ; outer lip sharp. Trias and J ura. 

Lissochilus Petho (Fig. 905) ; Neritodomus Morr. and Lyc. ; Neritoma Morris. 
Jura. Otostoma d’Arch. ; Dejanira StoL Cretaceous. 

Velates Montf. (Fig. 906). Depressed conical, only the curved apex of the spire 
A B C 



A, Nfritu fofoni Merian. Citharella Limestone ; Epfen- n- r An. 

aofen, near Schaffbausen, Switzerland. B, A T . gmnvlosa 

Eocene (Sables Moyens) ; Anvers, near Pans. I", OticocMIus chromaticus Zittol. Upper 

Opercnlnm of a recent Nerita, Tithonian ; Stramberg, Moravia. 


visible. Last whorl very large. Inner lip convex or straight,’ with denticulate margin. 
Abundant in the European Eocene ; sometimes attaining a size of 10 or 12 cm. 

Neritina Lam. (Fig. 90*7). Small, semi-globose, lustrous, smooth or spiny, mostly 
brilliantly coloured. Inner lip flattened, with sharp or finely toothed margin ; outer 
lip sharp. Inhabits brackish or fresh water. Abundant in Tertiary and Recent. The 
supposed Mesozoic forms belong principally to Nerita . 


Fio, DOS. Fig. 906. 

PileuhutphmtnsSovrb. Bathon- Velaics btfimuhlianus Cliem. Lower Eocene 

lan ; Langrune, Calvados. *fa. (Londmien) ; Cmse-Lamotlie, Oise. 

Apex sliglitly curved backwards ; only the last whorl visible. Aperture semicircular ; 
inner lip broad, callous. Jura to Eocene. 

Order 2. CTEN OBR AN CHI AT A Schweigger. 

(Pectinibranchia Cuvier ; Azygobranchia von Ihering ; Monotocardia Bouvier.) 

Eight cervical gill pectinate, very large , and usually transposed to the left side , owing 
to torsion of the body ; the left gill atrophied . Heart with but one auricle. Eadula 
small , variously constructed , but usually armed with few teeth in a transverse series. 
Shell coiled in a more or less elevated spiral , rarely cup - or cap-shaped. 

The Ctenobranchiata constitute the largest group of the Streptoneura. They are 
for the most part marine, but some are terrestrial, and some inhabit fresh water. 
Beginning in the Silurian, they attain their maximum distribution in the Mesozoic, 
Tertiary and Recent periods. A division into two groups — Holostomata and Siphono- 
stomata — according to the nature of the aperture, has been attempted ; but this is 
unnatural, since it emphasises a shell character which is unaccompanied by any 
anatomical differences. Classifications based upon the structure of the radula, such as 
have been proposed by Troschel, and more recently by Bouvier, are valueless in 
Paleontology. Here it will be sufficient to recognise two suborders primarily : 
Platypoda , in which the foot is typically developed ; and Heteropoda , in which it is 
modified into a fin. . 

Suborder A. HETEROPODA Lamarck. 

(. Nucleobranchiata Blainville.) 

To the Heteropoda belong naked or shell-covered, free-swimming and pelagic 
marine Mollusks, with distinct head and highly developed sense organs. Heart, gills, 
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reproductive organ? and nervous system agree with the corresponding organs of the 
Ctenohranchiates ; the radula resemldes that of the Taenioglossa. They differ con- 
siderably, however, from the Prosobranchiat es, since the foot is modified into a sort of 
vertical fin, and imparts to them a peculiar appearance. They 
rite usually toward evening in great swarms to the surface of 
the ocean, "where they hover about with a very rapid motion, 
swimming in an inverted position, with the dorsal side down, 
and the foot uppermost. They are exceedingly delicate, often 
transparent organisms. The My may be either entirely 
naked or provided with a very thin, light shell. 

Two Recent genera have been found also in early Tertiary 
deposits. Of these Carina ria Lamarck, has a keeled, cap-shaped, 
glassy shell; while in Atlanta Lesson (Fig. 909), the delicate 
shell is coiled spirally in a single plane, and the aperture is provided with a slit. 
Owing to a similarity in coiling of Atlanta and O.ajgyrus to that of the Paleozoic 
Bellerophontidae, a relationship between the two has been suggested. The latter 
forms are distinguished by their heavier, thicker shells, but are very probably related 
to Emartfinvla and its allies. 


Fx.„ ‘.*09. 


Atonil'i jifini" Lesneui. 
Recent ; Atlantic Ocean. 


Suborder B. PLATYPODA Lamarck. • 


Superfamily 1. GYMUOGLOSSA G-ray. 


Mostly holosf ornate forms, in ichich the radula is usually unarmed through degenera- 
tion. The smaller forms frequently parasitic or commensal. 


Family 1. Eulimidae Fischer. 

Small , polished , elongate-conic shells , with ovate aper- 
tures; the axis often distorted , protoconch dextral. Trias 
to Recent 

Eiilima Risso (Melantlla Bowdich) (Fig. 910). Tur- 
reted, smooth, lustrous, without umbilicus. Trias to 
Recent. 

iVtVo Risso (Fig. 911). Like the last, but with deep 
umbilicus reaching to the apex. Trias to Recent 

Family 2. Pyramidellidae Gray. 

Shell turret id, to firm gate-oral. Aperture oval , an- 
teriorly round* d, or angular; outer lip sharp. Operculum 
horny, spiral Marine. Cambrian to Recent. 


I 


Fio. 910. 

A, Eiilima snlb 
iilatn Don. Plio- 
cene ; Coroncma, 
Tuscany. I), E. 
pnlita (Linn.). 
Miocene; Nieder- 
leis, Moravia. 




Fig. 911. 

Niso eburnea 
Risso. Plio- 
cene ; Monte 
Mario, near 
Rome. 


The protoconch consists of several whorls, and in Paleozoic and Mesozoic forms is 
coiled in the same direction as the remainder of the shelL But in the younger and 
more typical genera it is heterostrophic, distinctly separated from the rest of the 
shell, and often stands at an angle with the adult spire. It is questionable whether 
forms older tlian the Onozoic can be retained in this family ; Fischer places most of 
them in a new family, entitled P&eudomelaniidae. 4 

Macrocheilus Phil. ( Macrochilina Bayle; Strobaeus de Kon.) (Fig. 912). Elongate- 
oval, without umbilicus, smooth or with slightly curved growth-lines. Spire acuminate, 
only moderately high ; last whorl large. Aperture angular posteriorly, sometimes 
also in front Inner lip -with weak anterior folds. Silurian to Trias. 

(1) Ptyckostoma Laube ; (?) Undularia Koken. Trias. 

Loxonema Phil. Turreted, whorl? arched, with S -shaped growth-lines. Sutures 
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deep ; aperture higher than w ide, with shallow canal. Silurian to Trias ; jjarticularly 
abundant in the Carboniferous. 

Zyyopleum Koken. Like the last, hut whorls with shaip, slightly curved 
transverse ribs, or transverse nodose keel. Devonian to Lower Cretaceous. 


Bourcjttia DeshaVes ( Pithodea de Kon.;. Large, 
elongate-oval to turreted, with large, inflated body 
whorl. Surface marked with spiral striae or furrows. 
Carboniferous and Upper Jura. 

Pseuclomelania Pictet ( Ghemmtda p.p. d'Orbigny; 
(Fig. 913). Turreted, with 


numerous, almost flat whorls, 
and slightly impressed sutures. 
Surface smooth, or marked by 
fine growth - lines ; aperture 
rounded anteriorly, or with 
faint canaL Umbilicus want- 
ing; rarely an umbilical fissure 
present. Very abundant in the 
Trias and Jura, less so in 
Cretaceous and Eocene ; prob- 
ably present also in the Car- 
boniferous. 

Subgenera : Oonia , MicroschLa 
Geram. ; Hypsipleura , Anoptychici 
Koken. Trias and Jura. Ooe- 
lostylina, JEustylus , Spiirostylus 
Kittl. Trias. Bctyania Munier- 
Chalm. (Fig. 914). Eocene. 



Fig. 912. 

Marrnchcilus airulatux 
(Schloth.). Middle De- 
vonian ; PaSrath, near 
Cologne. 



Fin. 913. 


Pseurfomclania 
Jt cilthnytoncjisis 
(SowbA ' 0\ford- 
ian ; France. Bands 
of original colora- 
tion still showing. 



Fig. 914. 


Pscmbmdtinia 
( Bayanin ) Ittrteri 
Lam. sp. Cal- 
caire Grossier ; 
Grignon, near 
Pans. 


Pustularia Koken, non Swains. Turreted, with groove -like sutures. "Whorls 
flat, with three or more spiral rows of nodes. Trias. 

Gatosira Koken. Whorls flat, with transverse ridges. Aperture canaliculate ; 



Diastoma costeUnta 
(Lara.). Calcaire 
Grossier ; Damery, 
near Epemay. 



Fig. 910. 

Keilosiomn turricuhi 
Brag. sp. ( Melania, 
marginata Lamarck). 
Calcaire Grossier ; 
Grignon, near Pans. 


base with spiral grooves. Trias and Jura. 

Diastoma Desh. (Fig. 915). Like the last, 
but aperture separated from the body whorL 
Whorls with transverse folds and spiral striae. 
Cretaceous to Recent. 

Mathilda Semper ( Promathilda Andreae). 
Turreted ; whorls transversely and spirally 
striated or ribbed. Aperture with canaL Proto- 
conch heteros trophic. Jura to Recent 

Keilostomco Desh. (Paryphostomq Bayan) (Fig. 
916). Turreted, spirally striated. Outer lip 
with externally thickened margin. Eocene. 

Turbonilla Risso ( Uhemnitzia p.p. d’Orb.) (Fig. 
9jL 7). Small, turreted, with heterostrophic proto- 
conch. Whorls transversely ribbed or smooth. 
Inner lip straight, or occasionally with folds. 
Tertiary and Recent 

Odostomia Fleming (Fig. 918); Pyramidella 
Lamarck (Fig. 919). Cretaceous to Recent 


Syrnola Adams ; Eulimella Fischer. Tertiary and Recent Palaeoniso Gemm. Trias 


and Jura. 


The genera Subulites Conrad (? Polyphemopsis Portloek), from the Cambrian to 
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Carboniferous; Fusispira Hall, Ordovician ; and Soleniscus Meek and Worth en, 



Fn.. ',*17. 

Tii/h wiF* svf'i 
Phil. Cra^; sinttuii, 
England. 



Fir. Jil?. 

Q<*‘ 'tftna i'l>- 
> ‘ifrl (Hontf.). 
Upper Ohiiocene; 
Xi> der-Kautangfii, 
near Ca»sel 



Fn.. 919. 

Pyfantiihlhi plt- 
f'O'-a Bronn. Mio- 
cene ; Xiederleis, 
Mora\ la. 



Fig. 920. 
EuchrymlU fusi- 
form i.s (Munster) 
Keuper ; St. Cas- 
sian, Tyrol. 


Carboniferous are characterised by narrow, anteriorly elongated and canaliculate aper- 
tures. They prolmbly form a separate family, in which also should be placed the 
Triassie Enchrysalis Laube (Fig. 920). 


Superfamily 2. PTENOGLOSSA Gray. 

Te?fh of the radtila mhalatt , numerous and similar in each transverse row. 


Family 1. Epitoniidae, novum (Scalariidae Broderip). 

Shell t arreted, usually narrowly umbilicate. Whorls convex , transversely ribbed or 
striated. Apt rf are round, with entire peristome. Operculum horny, paucispiral . 
Marine. Silurian to Recent 


Hnlopdla M‘Coy (Aclisina de Kon.). Slender, turreted ; whorls with fine trans- 



verse striae, sometimes cancellated. Silurian to Carboniferous. 

Callonema Hall (Isonema Meek and Worth.). Turreted, oval to 
globose ; whorls covered with lamellate transverse ribs ; aperture 
circular. Silurian and Devonian. 

Scoliostoma Braun. Devonian. Ohilocyclus Bronn ( Oochlearia 
Braun) ; Ventricaria and Batycles Koken. Trias. 

Epitonium Bolten ( Scalaria Lam.; Scala Klein; Girsotrema 
Morch) (Fig. 921). Turreted; whorls strongly arched, with trans- 
verse ribs, and often also spirally striated. Aperture round, outer 
lip sometimes thickened. Trias to Recent. Many subgenera. 

Family 2. Solariidae Chenu. 


Flo. 921. 
Stvhrln h'uuUosn 


Shell depressed conical, deeply and broadly umbilicate , without 


Brocchu Miocf'sn ; nacreous layer. Whorls 

Baden, near Vienna. . 7 , 

angular ; operculum homy 
or calcareous spiral The protoconch is 
heterostrophic. Marine. Cretaceous to 
Recent 

The Solariidae exhibit some resem- 
blance to the Euomphalidae, from which 
they are distinguished principally by the 
heterostrophic protoconch. 

Solarium Lam. (Architectonica Bolten) 
(Pigs, 922, 923). Aperture quadrilateral ; 



Fig. 922. 

Solarium simplex 
Bronn. Miocene ; 
Niederleis, Moravia. 



Fig. 928. 

Solarium leymcriei Byckholt. 
Tourtna (Cenomanian); Tour- 
nay, Belgium. 


operculum horny ; umbilical angle notched or sharp. Jura to Recent. A number 
of Mesozoic forms confused with this genus probably belong to Euomphalus. 

Torinia Gray. Tertiary and Recent Bifrontia Desh. ( Omalaxis Desh.). Eocene. 
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Superfamily 3. TAENIOGLOSSA Bouvier. 

Teeth of the rathila seven in each transverse tow. Mainly holostoniate for ins, hut 
some genera hav* deeply notched apertures , as in the higher divisions. 


Family 1. Purpurinidae ZitteL 


Thick-shelled , oval, with platform-like spire , and with- 
out pearly layer . Whorls flattened beneath the suture and 
angular , the angles often beset with nodes. Body whorl 
large ; aperture oval , with anterior emargination , and 
discontinuous peristome. Operculum unknown. Carboni- 
ferous to Cretaceous. 


Trachydomia Meek and Worth. ( Trachynerita Kittl). 
Goal Measures ; Korth America and Europe. Pseudoscalites 
Kittl ; Tretospira Koken. Trias ; Europe. 

Purpurina d’Orb. Elongate-ovaL Whorls angular 
superiorly, spirally ribbed, with transverse folds or costae, 
'highly ornamented, often with umbilical fissure. Aperture 
oval, anteriorly notched. Rhaetic and Jura. 

Purpuroidea Lycett (Fig. 924). Spire with successive 
steps or platforms, the flattened surface beneath the suture 
bounded by a row of nodes. Last whorl inflated, smooth, 
canal-like notch ; outer lip thin. Jura and Cretaceous. 

Brachytrema Morris and Lycett ; Tomocheilus Gemm. 


Fit,. 924. 

Purpuroulot nodnlata (Young 
and Bird). Great Oolite ; Mmchin- 
liampton, England. 


Aperture anteriorly with 
Jura. 



Family 2. Littorinidae Gray. 

Shell turbinate , usually smooth or spirally ornamented , without nacreous layer. 
Aperture rounded ; outer lip sharp . Operculum horny , paucispiral. Marine. 
Ordovician to Recent. 

Fossil shells of this family are distinguished solely from those of the Turbinidae 
and Trochidae by the absence of a pearly layer. The animal, 
however, differs radically. The heart has but one auricle in 
the Littorinidae, two in the Turhinidae and Trochidae. The 
radula in the last-named groups is rhipidoglossate ; in the 
present family it is taenioglossate. The differences in essential 
structure are thus seen to be considerable; yet the shells 
when fossilised are so similar, it can scarcely he doubted that 
the so-called Paleozoic Littorinidae are in many cases very 
closely related to genera referred to the Turhinidae and 
Trochidae. The limits of these families are therefore very 
uncertain, so far as Paleozoic forms are concerned. Among 
the extinct genera which exhibit great similarity to Littorina , 
Sffrath near Coi<Sxie OIliai1 ’ ^ often assigned to the above-named families, may be 

mentioned the following : Holopea HalL Ordovician to 
Devonian. Turbonitella de Koninck (Fig. 925). Devonian and Carboniferous. 

Portlochia , Turbinilopsis and Rhabdopleura de Koninck. Lower Carboniferous. 
Lacunina Kittl. Trias. 

Littorina F4r. (Fig. 926). Thick-shelled, turbinate to globose, smooth or spirally 
striated, without umbilicus. Aperture oval Jura to Recent. 



Fig. 925. 

Turbonitella subcostata 
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Lacuna Turton (Fig. 92V). Like the last, but thin, small, witli an excavated pillar. 
Tertiary and Recent. 



Fir.. 926. 


Ltttocina Utorea (Linn.) 
Post-Pleistocene ; Isle of 
Skapto. 



Fig. 927. 

Lacuna (?) hasterotwa 
Bronn. Miocene; Stem- 
abrnnn, near Vienna. 



Fig. 928. 

Fossa rus costatus Brocchi. Pliocene ; 
Liraite, Tuscany. 


Lacunella Desh. Eocene. Litiopa Kang ; Planaxis Lam. ; Quoyia Desh. Tertiary 
and Recent The families Litiopidae and Planavidae are usually recognised. 

The genus Fossarus PlnL (Fig. 928) forms, according to Fischer, a separate family, 
Fossaridae. It occurs in the late Tertiary and Recent. 


Family 3. Cyclostomatidae Menke. 

Shell extremely variable in form , turbinate to discoidal, sometimes turreted, covered 
with epidermis. Aperture circular , with usually entire peristome. Operculum horny or 
calcareous , spiral. Terrestrial. Cretaceous to Recent. 

Like the pulmonate snails, the animal possesses a respiratory cavity. Rut in 
other respects they approach the Littorinidae very closely, which latter forms also 
have the gill much reduced. The shell habit is excessively variable. There are more 
than 600 Recent species distributed throughout all parts of the globe, but the majority 



Fin. 929. 


Fig. 930. 


Cyclostoma M- 
sulcatum Zieten. 
Miocene ; Ermin- 
gen, near Ulm, 
Wurtemberg. 


Pomatias lahdlum 
(Thomas). Helix 


Beds (Upper Oligo- 
cene); Hochheim, 
near Wiesbaden. 



Fig. 931. 

Cyclotus exuratns Sandb. 
Upper Eocene ; Pugnello, 
Italy. Shell and operculum 
(after Sandberger). 




Fig. 932. 

Stropliostoma anom- 
phalu Capellini. Oligo- 
cene ; Arnegg, near 
Ulm, Wurtemberg. 


of these are tropical. Fossil forms are found in fresh-water deposits as old as the 
Middle Cretaceous. 

Cyclostomus Month (Fig. 929). Turbinate, with calcareous spiral operculum. 
Tertiary and Recent. 

Otopoma , Tudora Gray. Tertiary and Recent 

Megalomastoma Guild. Turbinate to chrysalis-shaped, usually smooth. Peristome 
with thick margins ; outer lip reflected. Operculum horny. Cretaceous to Recent. 
M. mumia (Lamarck). 

Pomatias Stnder (Fig. 930). Turreted, transversely striated, with reflected 
margins and calcareous operculum. Tertiary to Recent ; palearctic. 

Leptopoma Pfeifh; Cyclophorus Month; Graspedopoma Pfeifh; Cyclotus Guilding 
(Fig. 931), etc. Upper Cretaceous. These genera are considered to form a distinct 
family, Gyclophoridae. Strophostoma Desh. (Fig. 932). Upper Cretaceous to Miocene. 
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Family 4. Capuli&ae Cuvier. 

Shell cup-, cap-slmped or oval , irregular , with spirally twisted, aped:; in some cases 
the shell is composed of several depressed whorls. Body whorl very large; aperture wide ; 
operculum absent . Marine. Cambrian to Recent. 

Various genera belonging here are stationary, remaining throughout nearly the 
whole of their existence attached to some foreign body, to 
which they gradually become accommodated in form. 

Stcnotheca Salter. Shell small, cap-shaped, concentrically 
striated or furrowed, with slightly incurved apex, which 
latter is distantly situated posteriorly. Lower Cambrian. 





Fig. 933. 

Capulus hungaricus (Linn.). 
Pliocene; Tuscany. 


Fig. 934. 

Cupulas rugosus (Sowb.). 
Great Oolite ; TLangrune, 
Calvados. I'j.' 


Fig. 935. 

OrtJionychia elegant Barr. 
Silurian (Stage E) ; Loolikow, 
Bohemia. 


Capnlus Montf. ( Pileopsis Lam.; Brocchia Bronn) (Figs. 933, 934). Irregularly 
conical or cap-shaped ; apex greatly displaced backward, more or less spirally inrolled. 
Aperture wide, rounded or irregular ; internally with a horseshoe-shaped muscular 
impression. Exceedingly abundant from the Cambrian to Carboniferous, but rather 
sparse from the Trias onward. 

Orthonychia Hall (Igoceras Hall) (Fig. 935). Shell conical, straight or slightly 
curved, often plicated. Apex but faintly spiral, Silurian to Carboniferous. 

Platyceras Conrad (Acroculia Phil) (Fig. 936). Apex bent and spirally inrolled. 



Fig. 936. 

Platyceras mritoides PhiL 
Carboniferous ; Vis6, Belgium, 



Fig. 987. 

Dtaphorostoma niagarensa 
HalL Silurian ; Waldron, 
Indiana. 



Fig. 938. 


Horiostoma larrandei Mun. -Chaim. 
Lower Devonian ; Gahard, Ille-et- 
Vilame (after Mnnier-Ohalmas). 


Surface smooth, striated, plicated or covered with small spines. Young shell coiled 
as in Diaphorostoma , late stages non-coiling, often spinous. Commensal on Echinoids. 
Silurian to Coal Measures. 

Diaphorostoma Fisher (. Platyostoma Conrad) (Fig. 937). Shell composed of numerous 
rapidly widening whorla Spire low, body whorl very large. Inner lip reflected and 
somewhat thickened. Aperture round, of large size. Silurian to Carboniferous. 

Horiostoma Munier-Chalm. (Fig. 938). Shell thick, spirally ribbed, with short 
lateral spire, and wide umbilicus. Devonian, 

Tubina Barr. Silurian. Bothpletzia Simonelli. Tertiary. 
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Hipponix Defr. (Gochlolepas Klein) (Fig. 939). Shell thick, obliquely conical to 
j cup-shaped. Beak straight, rarely spiral, greatly removed pos- 

teriorly. Aperture oval or rounded, internally with a horseshoe- 
shaped muscular impression. The foot often secretes a thick, 
operculiform calcareous disk. Cretaceous to Recent. 



Hippumx coniucopiae (Lamarck.) Calcaire 
Grossier, Liancourt, near Pans. A, Shell 
B t Foot-plate. 




Cnlyptrae a ( Trochita ) trochiforirm Lam. Calcaire Grossier ; 
Damery, near Epemay. 


Galyptraea Lam. (Galerus Gray) (Fig. 940). Shell thin, conical, with central 
spiral apex. Whorls flattened, often spinose. Base horizontal; 
aperture wide, depressed. Cretaceous to Recent. 

Grepidula Lam. (Fig. 941). Slipper -shaped, elongate -oval, flat 
or arched. Beak at the posterior end, almost marginal, somewhat 
curved. Aperture greatly elongated, wide ; inner lip formed by a 
thin horizontal lamella. Cretaceous to Recent. 

Grucibulum Schum. Tertiary and Recent. 

Family 5. Naticidae Forbes. 

Fie. 941. Shell with short spire and large body whorl. Aperture semicircular 

Grepidula uwjui- to oval , angular posteriorly , broadly rounded anteriorly. Operculum 
cene^^SSnyf 110 * calcareous or homy , paucispiral Marine. Trias to Recent. 

The distinction of fossil Naticidae from Naticopsis, Nerita and Ampullaria is 
attended with some difficulty, since they frequently possess nearly identical characters 
in common, differing mainly in the operculum, which is not preserved fossil. 

Sinum Bolten (Sigaretus Lam.) (Fig. 942). Shell depressed, auriform, spirally 




riG. y*-. Natica millepunctaia Lam. 

Sinum haliotoidewn Pliocene; Monte Mario, near Rome. 

(Linn.). Miocene ; Grand, B, Operculum of N. mvltipunctata 

Hungary. S. Woodw. Crag; Sutton. 


Fig. 944. 

Natica (AmpvZlina) patula 
Lam. Calcaire Grossier ; 
Damery, near Epemay. 


striated or furrowed. Spire very low, with rapidly widening whorls. Aperture greatly 
distended ; operculum homy. Tertiary and Recent. 

Natica Scopoli (Figs. 943-946). Globose, semi-globose, ovate or pyramidal, smooth 
and lustrous, rarely spirally striated, umbilicate _ or not. The umbilicus, when 
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present, often partially or entirely filled with callus. Aperture semicircular or oval. 
Outer lip sharp ; inner lip thickened by a callus. Excessively abundant from the 



Fig. 945. 

Naticu, (Aw pullnm) 
willemcti Lam. Cal- 
caire Grossier; Da- 
mery, near Epornay. 



Fig 940. 


Nutica ( Amauropsis ) 
hi IMfomrun Sowb. Upper 
Cietaceous ; St. Gilgon 
on Wolfgangsee, Austria. 


Trias onward. 

Subgenera : Ampullina Lam. (Fig. 944) ; 
Amauropsis Morck. (Figs. 945, 946) ; Polimccs 
Montfort ; Euspira Agassiz ; Lunatia , Comma 
Gray : Nererita Risso. etc. 



Fig. 947. 


Debhayesiu coclilearla 
(Brongmart). Oligocene; 
Monte Grumi, near 
Vicenza. 


(?) Deshayeda Raul. 
(Fig. 947). Like Natica, 
but inner lip with a 
thick callus and den- 
ticulated. Miocene and 
Pliocene. 

Family 6. 

Xenophoridae 

Deshayes. 

Shell turbinate , , with- 
out nacreous layer ; 


whorls flat , often covered with agglutinated foreign bodies. Base concave or flat , with 
a peripheral keel. Aperture obliquely quadrilateral. Operculum horny. Silurian to 
Recent. 


The Xenophoridae are an ancient family, the modern representatives of which 
have acquired a high differentiation. The radula is like that of the Gapulidae, 
Littorinidae and Strombidae, not like that of the Trochidae. The earlier forms, 
encountered in the Silurian, present a great superficial resemblance to the Paleozoic 
Trochus species. 

Eotrochus Whitfield (Fig. 948). Thin-shelled, turbinate, widely umbilicate. 
Whorls flat, rarely with aggluti-, 
nated foreign particles. Base con- 
cave, its periphery formed by a 
compressed lamellar belt. Silurian 
to Recent. 

Omphalopterus Roemer. De- 
pressed turbinate, widely umbili- 
cate. The wide peripheral margin 
at the base composed of two lamellae, 
separated by a slit. Silurian. 

Clisospira Billings ; Autodetics 
Lindstrom. Silurian. 

Xenophora Fischer ( Phorus 

Montf.) (Fig. 949). Low trochiform, narrowly umbilicate. Whorls usually covered 
above with agglutinated extraneous objects. Cretaceous to Recent 



Fig. 948. 

Eotrochus haliacus 
d’Orb.). Upper Lias; La 
/erpilliere, near Lyons. 



Fig. 949. 


Xenophora agglutinrnis (Lam.). 
Calcaire Grossier ; Damery, near 
Epernay. 


Family 7. Ampullariidae Gray. 

This family inhabits fresh or brackish water, and is found in Africa, Asia and 
tropical America. Some of their shells are hardly to be distinguished from Ampul - 
lima. The animal possesses a lung cavity above the right gilL Fossil forms occur in 
fresh-water deposits of Cretaceous age at Rognac, near Marseilles, and also in the early 
Tertiary. 
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Family 8. Valvatidae Gray. 

Shell composed of few whorls , conical or discoidal , umbilicate. Aperture round , with 
continuous peristome . Operculum horny , circular , multispiral. 
Upper Jura to Recent. 

The genus Valvata Mull. (Fig. 950) is small, and varies 
from turbinate to discoidal. It comprises about twenty-five 
Recent species, inhabiting the fresh waters of Europe and 
North America. It is initiated in the Piubeck, but does not 
become at all abundant until the Tertiary. 



Fig. 950. 


Vuliata piscimlis Mull. 
Upper Miocene ; Vargas, 
Transylvania. 


Family 9. Viviparidae Gill. 

Shell conical or turbinate , with thick epidermis; imperforate or with narrow 
umbilicus . Whorls smooth , tubular or angular. Apertwe rounded , oval, sub-angular 
posteriorly , with' continuous peristome . Operculum horny , concentrically striated , with 
eccentric nucleus . Jura to Recent 



Vivipara Montf. (Paludina Lam.) (Fig. 951). This, the principal genus, is 
abundant in fresh water 
of all parts of the globe, 
with the exception of 
tropical and South 
America. Several other 
genera and subgenera 
are recognised, such as 
Oampeloma Rat (Me- 
lantho auct) of North 
America, comprising 
mostly smooth, thick- 
shelled species, 
thickened inner lip ; 

Tulotoma Haldem., including forms with angular whorls, North America ; Margarya 
Nev., China ; Lioplax Troschel ; Laguncula Benson ; Tylopoma , Boskovicia Brusina, etc. 

Typical species of this genus are found in the Wealden clays. Vast numbers of 
Vivipara occur in the Pliocene of southern Hungary, Croatia, Slavonia, Roumania 
and the Island of Cos, where they are remarkable for their extreme variability. 
Neumayr has described a number of mutation series from this horizon, which begin 
with smooth Vivipara species, and terminate with angular Tulotoma-like forms. 


Flu. 951. 


A, JJ, Vivipara brusinae Neumayr. C t V. (Tulotoma) furbesi Neumayr. 
with Pliocene ; Isle of Cos. D, V. (: Tulotoma ) hoerneri Neumayr. Pliocene : Novslca, 
Slavonia 


Family 10. Hydrobiidae Fischer (Amnicolidae Try on). 

Shell turbinate to turreted , small , usually thin , and either smooth , longitudinally 
ribbed or spirally keeled. Aperture ovate; operculum horny or calcareous , spiral or 
concentric . Cretaceous to Recent. 

These are fresh or brackish water inhabitants, some of which, however, are able to 
survive for a considerable period on land. It is difficult to distinguish the different 
genera belonging to this family by means of shell characters alone. All the forms 
are diminutive. 

Bithinia Gray (Fig. 952). Thin-shelled, turbinate, with umbilical fissure. 
Peristome continuous, outer lip sharp. Operculum calcareous, concentric. Wealden 
to Recent 
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Stahola Brasilia. Outer lip thickened ; operculum calcareous. Cretaceous to 
Miocene. 



n 





Fig. 952 

A, Bithinict tentaculata 
(Linn.). Upper Miocene, 
Miocic, Dalmatia B, 
Operculum of same (\ 
li. gracilis Sandb. Fresh- 
water Molasse ; Ober- 
kuchberg, near Ulm. 


Fobstoriilm Neumayr. Like the last, hut with spiral ribs. 
Upper Miocene. 

Nematura Benson (Stenothym Benson) (Fig. 953). Like 
Bithinia , but aperture contracted. Operculum calcareous, spiral. 
Tertiary and Recent. 



Fio. 953. 

Nematum pupa (Nyst). 
Oligocene ; Hackenheim, 
near Alzey. 


Fig 954 

Nysfia cha&tcUi 
(Nyst). Middle Oligo- 
cene ; Klein-Spouwen, 
Belgium. 


Fio. 96,'. 

Hyclrubia acuta A. 
Braun Miocene ; 
Weissenau, near 
Mayence. 


A Ty stria Tourn. (Forbesia Nyst) (Fig. 954). Outer lip reflected; operculum 
calcareous, spiral Tertiary and Recent. 

Assiminea, Leach. Tertiary and Recent. 

Eydrobia Hartm. ( Littorinella Braun ; Tournoueria Brusina) (Fig. 955). Conical 
to turreted, acuminate, smooth. Aperture oval; operculum homy, paucispiral. 
Cretaceous to Recent. The Indusia Limestone (Lower Miocene) of Auvergne is 
almost exclusively composed of the shells of JET. dubuissoni BouilL Similarly, the 
Littorinella Limestone of the Mayence Basin, which is of equivalent age, is made 
up of the shells of H. acuta Braun. Strata in the fresh- water limestone of Nordlingen 
are charged with H. trochulus Sandb. ; and the Upper Eocene marl of St. Ouen is 
filled with the remains of H. pusilla (Pr4v.). 

Other genera and subgenera closely related to the foregoing are Bythinella Moq. ; 
Amnicola Gould ; Belgrandia and 
Lartetia Bourguignat ; Lapparentia 
Berthelin. 

Pyrcjula Christofori and Jan. 

(Fig. 956, A). Turreted, whorls 
spirally keeled or ribbed. Peristome 
continuous. Tertiary and Recent. 

Genera allied to the last are 
Micromelania Brus. (Fig. 956, B ) ; 

Mohrensternia Stol. (Fig. 956, G ) ; 

Pyrgidium Tournouer ; Prososthenia 
Neumayr Tertiary. 

Lithogh/phus ZiegL (Fig. 957). <Ec £a7om~’ """ 
Globose or ovate, with short spire ; 

rather thick and solid. Apei-ture large, obliquely oval; inner lip thickened. 
Tertiary and Recent ; Europe. Similar forms, Somatogyrus Gill, and Flumincola 
Stimpson, occur in North America. There are other related genera in south-eastern 
Asia and South America. 




Fig. 956 

A y Pyrgula, eugeniue Neumayr. 
Upper Miocene; Arpatak, Transyl- 
vania. B, Micromelania (Diana) 
luiucrl (Neumayr). Upper Miocene; 
Miocic, Dalmatia. C , Mohrensternia 

..... A -n .3 .mnol.TF flrtm rr sr) an Stf.a era 


Fio. 957. 

Lithoglyphus f ascus 
Ziegler. Upper Mio- 

f>fln a > VolinA Woof 


Family 11. Rissoidae TroseheL 

Shell small , thick, turbinate to turreted , usually ribbed or spirally striated , rarely 
smooth. Aperture oval, angular posteriorly , often veith anterior canal. Operculum 
homy , paucispiral. Jura to Recent. 

Rissoina d’Orb. (Fig. 958). Turreted, transversely ribbed, rarely smooth : outer 
VOL. I 2 N 
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lip arcuate, generally thickened ; aperture somewhat notched or effuse at the base. 

Dogger to Recent ; mainly 
^ n a b Ter t iaiy . 

Rissoa From. (Fig. 959). 
Turreted, transversely ribbed 
or cancellated, aperture entire 
below. Jura to Recent. 




Fia. 959. 


A y Rissoa turhinata (Lam.). 
Oligocene ; Weinheim, near 
Alzey. B, R. (Albania) mon- 
fagui Payr. Miocene ; Stema- 
brunn, near Vienna. 


Family 12. Turritellidae 
Gray. 


Fig. 95S. 

Ay Rissohia amoena Zitt. Titlion- 
ian; Stramberg, Moravia. J5, R. 
ilemssata Montf. Miocene; Steina- 
brunn, near Vienna. 

Shell turreted , with high 

acuminate spire, JFhorls numerous , usually spirally ribbed or striated. Aperture oval , 
round or quadrangular , sometimes with faint anterior canal . Outer lip thin , peristome 
discontinuous . Operculum homy , multispiral. Marine. Trias to Recent. 

Turritella Lam. (Figs. 960, 961). Spire very high; aperture oval or rounded 
quadrilateral; outer lip thin, excavated behind, and 
slightly produced in front. Trias to Recent; maximum 
in Tertiary. The older Mesozoic species are usually 
smalL 

Subgenera : Mesalia Gray (Fig. 961). Like the last, 
but aperture with shallow canal, and twisted inner lip. 
Tertiary to Recent. 

Protoma Baird 
(Proto p.p. Defr.). 

Aperture oval, an- 
teriorly with canal- 
like contraction, 
which is surrounded 
externally by a thick 
swelling. Tertiay 
and Recent. P. 
cccthedralis Brgt. 

Glauconia Gie- 
bel ( Omphalia 
• Zekeli ; Oassiope 
Coq.) (Fig. 962). 

Thick-shelled, coni- 
cal or turreted, 
narrowly umbili- 
cate. Whorls 

spirally ribbed, rarely smooth. Aperture oval, with faint canal; outer lip with 
anterior and median emargination. Abundant in the Cretaceous. 



Fig. 900. 

Ay Turritella turris Bast. (T. 
terebra Zw t. non Linn.). Miocene 
Molasse; Ermingen, near Ulm. 
By T. i mlrrvcataria Lam. C&l- 
caire Grossier; Grignon, near 
Paris. 



Fig. 961. 

Turritella (Mesalia) 
multisulcata Lam. 
Eocene ; Oalcaire 
Grossier ; Grignon, 
near Paris. 



Fig. 962. 

Glauconia kefersteini 
Goldf. Middle Cre- 
taceous ; Dreistatten, 
near Wiener-Neust. 


. Family 13. V ermiculariidae, novum. ( Vermetidae Adams). 

Shell tubular , the earlier whorls spiral , the later ones irregularly twisted , free or 
attached. Apei'ture round; operculum horny , sometimes wanting. Carboniferous to 
Recent. 

Some fossil Vermetidae are liable to be mistaken for Serpnlidae, but differ from 
them nevertheless in the structure of the shell and spiral protoconch. The determina- 
tion of the few Paleozoic and Mesozoic forms is uncert ain. 

Vermicularia Lam. ( Vermetus Daudin) (Figs. 963, 964). Shell usually attached, 
irregularly tubular, internally vitreous, and often with septa. Carboniferous (?) to 
Recent Abundant in the Tertiary. 
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Subgenera : Thylacodes Guettard (Fig. 963) ; Pelaloconchus Lea (Fig. 964). Tertiary and 
Recent. 

Siliquaria Brug. (Fig. 965). Shell 
free, coiled in a loose spiral. Aperture 
lateral, and with a slit which continues 
as a fine cleft or row of pores through- 
out the entire length of the shell. 

Cretaceous to Recent. 



Fig. 96S, 

Vemiicnlarla ( Thylacodes ) armaria 
Linn. Miocene ; Grand, near Vienna. 

v* 



Fig. 064. 

V. ( Petaloconchus ) intorta Lam. 
Pliocene ; Montespertoli, near 
Florence. Some of the tubes are 
fractured l and show the internal 
lamellae. 


Fig. 965. 

Siliquaria striata 
Desh. Calcaire Grassier; 
Cliaussy, near Paris. 


Family 14. Caecidae Adams. 

Shell small , discoidal in early stages, later becoming tubular. The decollated •proto- 
conch replaced by a septum. Operculum round , horny. Tertiary and 
Recent. 

Caecum Flem. About one hundred Recent and twenty Tertiary 
species are known. 

Family 15. Melaniidae (Lamarck) Gray. 

Shell turreted to oval, with thick , dark-coloured epidermis. Apex 
usually truncated and corroded. Aperture oval, sometimes canali- 
culate. Operculum horny, spiral . Jura to Recent. 

Living species inhabit fresh, or more rarely brackish, waters of 
southern Europe and the warmer zones of Africa, Asia and America. 

Melania Lam. ( Thiara Bolten) (Fig. 966). Shell smooth or 
spirally striated, or with transverse ribs or nodes. Aperture oval, 
anteriorly rounded. Upper Jura to Recent 

Stomatopsis Stache. Whorls platform-like, with strong trans- Brongt. Miocene; 
verse ribs ; aperture rounded, with entire, thickened and reflected Mh& elsber & near 
margins. Lowermost Eocene (Cosina Beds) ; Istria and Dalmatia. 

PyrguUfera Meek ( Hautkenia Munier-Ohalm.) (Fig. 967). Shell thick, elongate- 
oval, with platform-like, transversely ribbed, and spirally striated whorls. Aperture 



Fig. 966. 
Melania escheri 
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oval, sometimes with very faint canal. Upper Cretaceous of Europe and North 
America. 

Paramelania Smith. Resembles the preceding. Living in Lake Tanganyika. 
Fascinella Stache ; Goptostylus Sandb. ; Faunus Montf. ; Hemisinns Swainson. 
Upper Cretaceous, Eocene and Recent. 

Melunopsis Fer. (Figs. 968-970). Shell oval to turreted, smooth or ornamented. 


IliSl ' 

\m& 


Pyrgulifei a pich- 
len (Hoernes). 
Upper Creta- 
ceous; Ajka, 
Hungary 


Melanopsi galln-pro- Mrlanopsis mar- 


m- 


Melanopsis (Can- ‘ 

thidomus) mmthica Pleuroccra rtromhi- 


mncialis Math. Upper- tin tana Per. Mio- Neumayr. Upper fomis (Schloth). 
most Cretaceous ; Mar- cene ; Nussdorf, Miocene; Miocic, Wealden; Oster- 


tigues, near Marseilles 


wnld, Hannover. 


Base of columella truncated ; aperture with short canal ; inner lip callous. Upper 
Cretaceous to Recent Remarkably abundant in the Miocene and Pliocene. 

Pleurocera Raf. (Fig. 971). Like Melania , but aperture with faint canal, and 
outer lip sinuous. Cretaceous to Recent; occurs only in North America. 

Goniobasis Lea ; Anculosa Say (Leptoxis Raf.) ; Ptychostylus Sandb. Wealden. 
The first two occur Tertiary and Recent in North America only. 

Family 16. Nerineidae Zittel. 

Shell turreted , pyramidal or ovate , perforate or imperforate . Ap&i'ture anteriorly 
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972 . Fig. 973 . 

Trochal iacmsobr i n a Zitt. A, Nennea defrancei d’Orb. Coral-Rag , Ooulanges sur Yonne. B. N. 

Tithonian , Stramberg, Mor- d ilata*a d’Orb. Coral- Rag ; Oyonnax, Am. C-E, N. TiohmegyeH Peters, 

avia. Longitudinal section. Tithonian ; Stramberg, Moravia. C, 2/ s £, i/ x , E } Longitudinal section. 
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with short canal or shallow notch. Columella and Ups with strong folds , continuous 
throughout the entire length of the spire. Outer lip thin , posteriorly with fissure-like 
incision , which leaves a small slit-band immediately beneath the suture on all the whorls . 
Marine. Trias to Cretaceous. 


Aptyxiella Fisch. (Aptyxis Zittel, non Troscliel). Turreted, very slender, im- 
perforate. Aperture quadrangular ; inner and outer lips without folds ; columella 
somewhat thickened. Trias to Upper Jura. 

Trochalia Sharpe ( Cryptoplocus Piet, and Camp.) (Fig. 972). Turreted to 
pyramidal, usually smooth and imperforate. The inner lip only has a strong, simple 
fold. J ura and Cretaceous. 

Nerinella Sharpe (. Pseudonerinea Loriol). Turreted, imperforate. Outer lip and 
sometimes also the columella with a simple fold. Jura. 

Nerinea Defr. (Fig. 973). Turreted or pyramidal, usually imperforate. Columella 
invariably, and inner and outer lips generally, with simple folds. Jura and Cretaceous ; 
maximum in the Coral-Rag (Upper Jura). 

Ptygmatis Sharpe (Fig. 974). Like the last, except that the folds on both lips 
and the columella are complicated by second- 
ary constrictions and branchings. Jura and 
Cretaceous. 

Itieria Math. (Fig. 975). Elongate-oval, 
usually umbilicate. Spire short, sometimes 
insunken. Body whorl very large; more or 
less enveloping the preceding. Columella 
and both lips with folds. Jura and Cre- 
taceous. 

Family 17. Cerithiidae Menke. 

Shell turreted; aperture elongated oval , or 
quadrilateral , anteriorly with short canal. 

Outer lip often thickened and reflected , or thin 
and sharp. Columella sometimes with one 

or two folds. Operculum horny, spiral. bru ^ truta Pi. G . em ' „ . TZ v 
. J f mellaro. Tithonian; Jticna staszycii .Zeusdmer. 

Marine and brackish water. Trias to Recent. Inwald, Carpathia. Tithonian ; Inwald, Car- 

Vertical section. patina. 




Ptygmatis pseudo- 




More than 1000 living, and about 500 

fossil species are known, the latter being most numerous in the Eocene. The earliest 
forms are usually of small size, and have a nearly entire peristome. 

Cerithinella Gemm. (Fig. 976). Shell turreted, slender. Whorls numerous, flat, 

ornamented with spiral ribs or rows of small nodes. 
Aperture quadrilateral, with very 'faint canal 
Jura. 

Cryptaulax Tate (. Pseudocerithium Cossmann). 
Small, turreted. Whorls with spiral ribs or rows 
of nodes and transverse folds. These last usually 
run continuously in a somewhat oblique direction 
from one whorl to the next. Aperture oval or 
quadrilateral, with scarcely perceptible canal. 
Trias and Jura. 

Ceritella Morris and Lyc. (Fig. 977). Trias 
and Jura. Fibula Piette (Fig. 978). Trias to 
Cretaceous. Pseudalaria Huddlest. ; Ditretus Piette. Jura. 

Exelissa Piette (Fig. 979). Very small, turreted ; whorls with strong, continuous 


Fxfl. 076. 

Cerithinella armata 
Goldf. Torulostis 
Beds (Middle Jura) ; 
Pretzfeld, Franconia. 


Fiu. 977. 

Centella comca 
Morris and Lyc. 
Great Oolite ; Min- 
chinhampton, Eng- 
land. 
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transverse ribs and spiral striae. Aperture contracted, rounded, without canal, some- 
times slightly separated off, and with continuous peristome. Abundant in the Jura. 

4 Bittium Leach (Fig. 980). Turreted, with granulated spiral ribs, 
and numerous transverse costae. Aperture with short, straight canal ; 
outer lip sharp. Jura to Eecent. Abundant in the Tertiary. 

Triforis Deshayes ; Genthiopsis Forbes. Tertiary and Eecent. 

Eustoma Piette. Aperture with 
a long canal, which is often closed, 

however, by margins of the inner 
-I j|f& and outer lip. Inner lip callous 

I \ jmwL an< ^ Str0ngly » 0Il ^ er lip 

18 Gerithium Brug. (Figs. 981, 

^ 982). Turreted, imperforate, with- 

Fig. 978 . Fxo. 979 . Fto. 9 so. out epidermis - Aperture oblong 

Fttulzundulosa Excite* straw Bittium plicate OTat ®> backwdly curved 

Piette. Bathon- lata (d’Arcli.). Brug. Oligocene; canal; outer lip Oxten SOIliewhat 

Aisn 0 . Eparcy ’ sa& aiy : &. nearBtampea ’ reflected. Columella concave, fre- 

quently with one or two folds. 
Certain Tertiary species attain a length of half a metre (G. giganteum). Jura to 
Eecent ; maximum in Eocene. 

Subgenera : Vicarya d’Arcli. ; Glam Martyn (Fig. 982) ; Bellardia Mayer, etc. 

' Potamides Brongt. (Figs. 983, 984). Turreted, with epidermis; aperture with 
emargination or faint canal Inhabits only brackish water or 
estuaries. Cretaceous to Eecent. 


Exelissa strangu- 
lata (d’Arcli.). 
Bath onian ; 
Eparey, Aisne. 



Cerithium serratum 
Brug. Calcaire Gros- 
ser ; Damery, near 
Epernay. 


Cerithium, (Clam) 
nudum Lam. Eocene ; 
Chaumont, near Paris. 


Potamides (Tympano- 
tomy#) margaritacemi 
Brocchi. Oligocene ; 
Hackenheim, near Alzey. 


Pio. 984. 

Potamides (Lampania) 
pleurotovnides Desh. 
Middle Meeressand ; 
Mortefontame, Seine-et- 
Oise. 


Subgenera : Tympanotomus Adams (Fig. 983) ; Pyrazus , Telescopium Montf . ; Gerithidea 
Swains. ; Lampania (Fig. 984) and Pyrenella Gray ; Sandbergeria Bosq. 


Family 18. Aporrhaidae Philippi. 

Shell fusiform , turreted or conical ovate. Aperture produced anteriorly in a canal. 
Outer lip expanded in a wing-like or digitiform fashion , or thickened . Operculum horny . 
Marine . Jura to Eecent ; maximum in Jura and Cretaceous. 

Alaria Morris and Lyc. (Figs. 985-988). Shell turreted ; aperture with long or 
short canaL Outer lip not overriding the last whorl, digitated or winged. Spire 
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and body whorl often retaining traces of apertures at earlier stages. Very abundant 
in Jura and Cretaceous. 


Subgenera : Dicrolowa Gabb ; Anchura Conrad (Pig. 987). Jura and 
Cretaceous. Dieiapterus Piette. Jura. 



Fig. 985. 

Alana, viyurics Dealongcli. 
Lower Oolite ; Bayeux, Cal- 
vados. 


Fi«.-986. 

Alarm armatn Morris 
and Lyc. Great Oolite; 
Minchmliampton, Eng- 
land. i 



Fin. D8T. 

Alaria (Anchura) rari- 
nata Mant. Gault ; 
Folkestone, England. 


Fin. 988, 

S]>i n igera scniicarinata 
(Goldfuss). Callovian ; 
Montreuil - Bellay, 
Mame-et-Loire. 


Spinigera d 5 Orb. (Fig. 988), Whorls keeled and ornamented with two opposite 
rows of spines. Jura. 


Aporrhais Da Costa (Ghenopus Phil.) (Pigs. 
989-991). Like Alarm , but margins of aperture 
elongated posteriorly in a canal, which remains 
either attached to the spire, or extends free from 
the same. Outer lip expanded, digitated or lobed. 
Jura to Recent. 

Subgenera: Alipes Conrad; Arrhoyes , Tessarolax } 
Ifelicaulax Gabb ; Ccratosiphon Gill ; Guphoselenus , 
Malaptera Piette ; Pterocerella Meek ; Di?horphosoma 
St. Gardner (Fig. 990) ; LispodestJies White (Fig. 
991). Jura and Cretaceous. 



Fio. 989. 

Aporrhais tridactylus A. Braun. Oligo* 
cene ; Ilackenheiin, near CreuznacU. 



Fio. 990. 

Aporrfuus ( Dimor - 
phosoma) calcarata 
Sowb. Upper 
Greensand ; Black - 
down, England. 



Fio. 991. 

Aporrhais (Lispotlwthet,) remsi Geinitz 
var. insgaloptsi a Reubs. Planer ; Postelberg, 
Bohemia. 


Family 19. Strombidae d’Orbigny. 

Shell conical , turreted or fusiform^ with acuminate spire. Aperture canaliculate; 
outer lip often expanded , anteriorly with an emargination. Operculum horny . Jura 
to Recent. 

Although the shells of this family are excessively variable, the soft parts of the 
animals exhibit great uniformity of structure. 
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Harpagodes Gill (Fig. 992). Spire short, body whorl very large Canal lon£ 
reflected. Outer margin produced in a number of tubular spinous processes, th 
posteriormost of which rests against the spire and extend 
ft nearly to the apex. Jura and # Cretaceous. 


m 



■> v 


Bm A dactylus Klein). Spire 

tf ^ PIpSB| agy short ; canal bent sideways. 

H Outer margin wing -like, 

Fic. yy± U with tubular spinous pro- 

SarjHigoths oceuni Brongt. W cesses, beneath the most 

Kimmeridguin ; Lindner Berg, W . : r . . . , 

near Hannover. anterior ot wliich is a deep 

notch. Recent. 

Pterodonta d’Orb. ; Therdtea Coq. ; Pereira ea Crosse. Miocene. 

Strombus Linn. ( Oncoma Mayer) (Fig. 993). Shell ovoid, tuberculosa or spinose, 
solid ; ’spire with several whorls ; body whorl very large. Aperture 
elongate, obliquely truncated and channelled anteriorly, canaliculate 
posteriorly. Outer margin dilated in wing-like fashion, usually 
thick, often produced behind, sinuate and sometimes channelled 
in front Columellar border simple, enamelled. Cretaceous to 
Recent. 

Pugnellus Conrad. Cretaceous, Struthiolaria Lam. Tertiary 
and Recent. 

Seraphs Montf. ( Terebellum Lam.) (Fig, 994). Shell elongate, 
sub-cylindrical ; spire short, summit obtuse. Body whorl very 
large, smooth or striated. Aperture longitudinal, narrow pos- 
teriorly, and slightly dilated anteriorly ; canal short. Outer 
margin thin, simple, obliquely truncated anteriorly, sometimes pro- 
longed in the spire posteriorly by a callosity. Columellar border 
smooth, straight Tertiary and Recent. 

Fi<». m. Rostellaria Lam. Spire high, whorls smooth. Aperture pro- 

Seraphs sopitum duced anteriorly in a beak -like canal, and continued posteriorly 
‘SJSferf Grimon 6 a . narrow channel resting on the spire. Outer margin with 
near Pans. J denticulate processes, notched anteriorly. Late Tertiary and Recent, 

ffippochrenes Montf. ( Gyclomops Gabb) (Fig. 995). Like the last, 
but outer margin expanded in wing-like fashion, and destitute of processes. Upper 
Cretaceous and Eocene. 
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Rimella Agassiz 


RSI 


i 1 m 


(Isopleura Meek) (Fig. 996). Surface cancellated. Outer lip 
with thickened margin, entire or u 
crenulated. Upper Cretaceous to Re- 
cent. jEi 

Orthaulax Gahh, Spire wholly Mjfi \ 
involute and hidden. Oligocene ; \ b 

Antilles. MBm \ A, 


Family 20. 
Columbellariidae 
Fischer. 


Shell thick , elongated Fiu 9 96 . 

oval , with short conical -b UlmrUa jimudla (Lam.). 

«* j 7 77 Calcaire Grossier ; Damery, 

spire^ and large, spirally near Epernay. 73, It. bartonrnsis 
ribbed, frequently cancel- (Sowb.). Calcane Grosser; 
lated body whorl. Aper- 
ture narrow , anteriorly mth short canal, and pos- 
teriorly with a canal directed obliquely outwards. 
Inner lip callous , outer lip often thickened, denti- 
culated or somewhat reflected outwardly . Jura and 
Cretaceous. 






H FI(I. 997. 

p IU q mg Colnmhellarlat'oral - ^' IO ' 908 ‘ ^ IG 999 ‘ 

. ’ * lina (Quenst.). Zittulm crcutsistiuna Pctersia costata 

Hi ppotihrcnefs mumhhoni De«h. Calcaire Coral -Rag; Nat- (Zitt.). Tithoman ; Gemm. Tithonian; 
Gros8ier ; Damery, near Epernay. theim. Stramberg. Palermo. 

Colwmbellaria Rolle (Fig. 99*7). Surface covered with numerous spiral ribs, 
sometimes cancellated. Aperture long and narrow, broadening somewhat anteriorly. 
Outer lip denticulated internally, not thickened, somewhat reflected. Anterior and 
posterior canals short. Upper Jura. 

Zittelia Gemm. (Fig. 998). Like the last, but aperture very narrow or cleft-like. 
Outer lip much thickened in the middle. Tithonian. 

Golumbellina d’Orb. Cretaceous. Petersia Gemm. (Fig. 999). 
Tithonian. 


Cypraea subexcim t -. , 

A. Braun. Oligo- -Kecent. 
cene ; Weinheim, -n 

near Alzey. Jttec 


Family 21. Cypraeidae Gray. Cowries. 

Shell ovate, convolute . Spire short, nearly or completely covered, in 
the adult by the very large body whorl. Aperture of equal length with 
the shell, narrow, anteriorly and posteriorly produced in a usually short 
canal. Outer lip inflected. Operculum wanting. Upper Jura to 


near Aizey. 1 Recent Cypraeidae of which about 210 species are known, 
inhabit principally tbe warmer seas. They are often remarkable for 
;heir beautiful coloration, and sometimes attain considerable size. Jurassic species are 
sparse ; Tertiary ones rather more abundant. 

Gypraea Linn. (Fig. 1000). Ovoid, ventricose, enamelled, smooth, lirate or 
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tuberculate ; spire exposed or enveloped. Aperture narrow, extending the whole 
length of the shell, and canaliculate at each extremity. Inner lip and the inrolled 

outer lip generally crenulate. Jura (G. titonica 
Stefani) to Eecent. 

Trivia Gray (Fig. 1001). Like the preceding, 
hut smaller, and sculptured with raised transverse 
riblets. Anterior channel not prolonged, wide and 
slightly reverted. Tertiary and Recent. 

Erato Risso (Fig. 1002). Small, ovoid or pyri- 
form, with short conical spire. Aperture narrow. 
Inner lip smooth, except for anterior columellar 
Canal notch-like, broad. Cretaceous to Recent. 



Fig. 1001. 

Trivia ajfinis (Duj.). 
Miocene ; Pont- 
levoy, Tonraine. 


Fig. 1002. 

Erato laevis Don 
Miocene ; Nieder- 
leis, Austria. 


folds ; outer lip denticulate. 


Family 22. Ovulidae Fleming. 

Like the Gypraeidae , except that the spire is convolute instead of produced and 
covered , and the marginal teeth 
of the radula are peculiarly 
modified . Tertiary and Recent. 

Ovula Brug. Shell ovate 
or fusiform, the spire completely 
enveloped. Aperture produced 
anteriorly and posteriorly as a 
canal. Inner lip smooth ; the 
outer reflected, smooth or 
denticulated. Tertiary and 
Recent. 

Gisortia J ousseaume (Fig. 

1003), Large, thick - shelled, 
ovate, with short convolute 
spire. Surface typically keeled 
or coarsely tuberculate. Body 
whorl with a blunt ridge ; 
aperture anteriorly and posteriorly with a short canal. Eocene. G. (Strombus) 
gigantea (Goldf.). 

Pedicularia Swainson. Sessile on corals. Miocene to Recent. 

Family 23. Cassididae Adams. 

Shell thick, inflated , globularly ovate , sometimes varicose; spire short , body whorl 

very large. Aperture narrow , elongate , anteriorly 
with short canal. Inner lip resting on an exten- 
sive callus , sometimes granulated or wrinkled. 
Outer Up more or less thickened. Operculum horny , 
with marginal nucleus. Marine . Upper Creta- 
ceous to Recent 

Galeodea Link (. Morio Montf. ; Gassidaria 
Lam.) (Fig. 1004). Shell ventricose, not varicose. 
Canal long, twisted, reverted or bent sidewise. 
Inner lip greatly expanded, outer lip reflected, 

JfIG 1U04. J? iv* ww, x o u x 7 ? 

OaUodm cnHnaia Gaieaiai (samxia) often crenulate. Columellar border plicate. 
Lani. Oalcaire Gros- cmbigua (Soiander). Upper Cretaceous to Recent ; maximum in 
sier; Grignon, near Oligocene; Lattorf, 

Paris. near Bemburg. JiOCene. 




Fig. 1003. 

Gisortia tuberculosa Duclos. Lower Eocene (Londimon) ; 
Cuise Lamoilie. 
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Subgenus : Sconsia Gray (Fig. 1005). Last whorl with varix ; canal short and straight. 
Upper Cretaceous to Recent. 

Gassis Lam. (Fig. 1006). Shell ovoid, ventricose, having 
irregular varices. Spire short, aperture elongate. Outer 
lip thickened, reflected, usually denticulate in the interior. 

Inner lip callous, expanded, denticulate, wrinkled or granu- 
late. Canal very short, broad, sharply recurved, directed 
upward posteriorly. Tertiary and Recent. 

Family 24. Doliidae Adams. 

Shell thin , inflated. Spire very short , body whorl very 
large , longitudinally ribbed or cancellated. Aperture wide , 
oval ; canal straight or curved. Oper- 
culum absent. Cretaceous to Recent. 

Tonna Brunnieh (. Dolium Lam.). 

Spirally ribbed. Outer lip notched 

internally; canal short, obliquely directed. Cretaceous to 
Recent 

Pyrula Lam. ( Ficula Swainson) (Fig. 1007). Spirally 
ribbed, grooved or cancellated. Aperture very wide ; outer lip 
sharp ; canal long, broad, straight. Lower Cretaceous to 
Recent ; maximum in Tertiary, 

Family 25. Nyctiloehidae DalL 

Fig. 1007. Shell thick , ovate to fusiform , with epidermis. Spire 

pyrula reticulata (Lam.), moderately high , whorls varicose , aperture with thickened outer 
Vienna. 6 ’ Grund ’ neai ‘ lip , and open , straight or slightly bent canal. Operculum horny , 
with marginal nucleus. Cretaceous to Recent. 




Fig. 1006. 

Cassis salm> tm Lam Miocene ; 
Gainfahrn, near Vienna. 


Nyctilochus Gistel (Tritonium Link ; 
Triton , Lotorium Montf.). Spire elon- 
gated. The varices do not run con- 
tinuously over more than a few whorls. 
Columella and inner lip callous or 
granulated. Outer lip thickened inter- 
nally and notched. Cretaceous to 
Recent ; abundant in the Tertiary. 

Eugyrina Dali (Fig. 1008). Oligo- 
cene to Recent. 

Listortrix Link ( Persona Montf.). 
Tertiary and Recent. 

Bursa Bolten (Ranellu Lam.) (Fig. 
1009). Like Nyctilochus, but with two 
opposite varices, which are continuous 
over all the whorls. Tertiary and 
Recent. 

Superfamily 4. 



Fig. 1008. Fig. 1009. 


Eugyrina jlandrica do Bursa (Aspa) marginata 
Kon. Oligocene; Wein- Brocchi. Miocene ; Grund, near 
heim, near Alzey. Vienna. 

RACHIGLOSSA Gray. 


Radula reduced to three teeth or to one tooth in a transverse series. 


These are carnivorous marine forms, which have their initiation in the Mesozoic, 
become somewhat numerous in the Cretaceous, and form an important element of the 
Tertiary and Recent faunas. 
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Family 1. Oolumbellida© Troscliel. 

Shell small , ovate to fusiform, covered with epidermis , imperforate. Aperture narrow , 
cwiaZ s/iorf. Outer lip denticulated internally , thicJcened m the middle. 
Tertiary and Recent. 

The typical genus, Golumbella Lamarck (Fig. 1010), attains its 
maximum distribution in the Tertiary and Recent seas. It is divided 
into a number of subgenera. 



Fig. 1 010. 

Columhdla out ta 
Dry*. Miocene ; 
Lapugy, Transyl- 
vania. 


Family 2. Buccinidae Troscliel. 


Shell elongate- oval, covered with epidermis. Aperture wide , with 
short canal. Outer lip shaip or thickened. Operculum horny. Cretaceous 
to Recent. 

Buccinmi Linn. Inflated, smooth or transversely ribbed. Spire moderately 
high ; aperture wide ; canal short, wide, open. Outer lip sharp and thin, inner lip 
somewhat callous. Distributed principally in waters of the more 
northerly zones ( B . undatum Linn.). Fossil in the Crag and 
Pleistocene. 

Gominella Gray (Fig. 1011). Usually spirally ribbed. The last 
whorl somewhat depressed beneath the suture, so that the aperture 
forms a small groove posteriorly, Outer lip sharp or crenate inter- 
nally. Upper Cretaceous to Recent. 

Pseudolim Swains. (Fig. 1012). Like the last, but outer lip 

with a small basal tooth or notch which „ 
corresponds to a groove on the body whorl, a. Braun. Oligocene; 



Fig. 1011. 



Upper Cretaceous to Recent. 

Pisania Bivona ( Pisanella v. 



Fig. 1012. 

Pseudaliv a ssitteli Petlio. 
Upper Cretaceous; Fruska 
Gora, Hungary. 


Fig. 1018. 

Cantharus sublavatus 
(Bast). Miocene ; Enz- 
esfeld, near .Vienna 


Hackenbeim, 

Alzoy. 

Koenen ; 

Taurinia Bellardi). Elon- 
gate-ovoid, spire moder- 
ately high. Whorls 

smooth or spirally 
striated. Outer margin 
thickened, notched inter- 
nally. Tertiary and Re- 
cent. 

Cantharus Bolten 

( Pollia Gray ; Tritonidea 

Swains.) (Fig. 1013). 

Oval, inflated ; spire and 

(Brongt.). Eocene; aperture of about equal 
Ronca, near Vicenza. , A „ 

length ; surface usually 



spirally ribbed and transversely folded. Columella often with weak transverse folds ; 
outer margin thickened, crenate internally. Aperture posteriorly with a short canal. 
Tertiary and Recent 

Phos Montf. Shell elongate, bucciniform, turriculate; spire sharp, elevated, 
whorls ornamented with prominent longitudinal costae, and less salient spiral threads 
and sulci, often varicose. Aperture oblong ; outer margin lirate within. Columella 
excavated, plicate iu front ; canal short, slightly twisted. Tertiary and Recent. 

- Eburna Lam. (Dipsaccus Klein) (Fig. 1014). Resembling Nassa, but smooth, 
perforate, and with deeply incised sutures ; outer margin sharp. Tertiary and Recent. 

Nassa Lam. (Alectmon Montf.) (Fig, 1015), Ovate, inflated. Aperture with short, 
reverted canal ; inner lip callous, expanded ; outer margin usually crenate internally. 
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Sparse in Upper Cretaceous and Eocene, abundant in Miocene and Pliocene ; living 
species exceeding 200 in number, and distributed in numerous subgenera. 

Gyclonassa Agassiz ; Gyllene Gray ; Truncaria Adams ; Buccinopsis Conrad. 
Tertiary and Recent. 

Ghrysodomus Swains. ( Neptunea p.p. Bolten). Elongate-ovoid, inflated, sometimes 
sinistral, with rather short and moderately bent canal Cretaceous to Recent. G. 
contrarius Lam. Crag. 

Siphonalia, Zemira , Met ala Adams ; Euthria Gray ; Hemifusus Swainson (Fig. 
1016). Tertiary and Recent. Mitraefusus and Genea Bellardi. Neocene. 


Fig. 1015. 

Na^a clathrata Brocchi. 
Pliocene ; Larniano, Tus- 
cany. 


Fig. 1016. 

Hemifusus suboarinatus 
(Lara.). Eocene (Sables 
moven3) ; Senlis, Seme- 
et-Oise. 

lip smooth ; aperture gradually becoming merged into the short and wide canal. 
Tertiary and Recent. 

Buvycon Bolten {Fulgnr Montfort). Tertiary and Recent. 

Tudicla Bolten (Fig. 1018), Resembles Fulgnr but has a straight and very long 
canal ; inner lip with a fold. Cretaceous to Recent. 

Strepddura Swains. (Fig. 1019). Spire short ; body whorl inflated, transversely 
ribbed ; canal curved. Eocene and Miocene. 

Family 3. Muricidae Tryon. 

Shell thick. Spire moderately high; whorls with transverse s\oellings , ribs or folia , 
and frequently spinose. Aperture rounded or oval ; canal more or less elongated , 




Melongena Schum. (Pyrula 
Lam. p.p.; Myristica Swains.) (Fig. 
1017). Pyriform, inflated, with 
short spire. Body whorl large, 
longitudinally striated and beset 
with nodes or rows of spines. Inner 



Fig. 1018. 

Tudicla rusticula 
(Bast ). Miocene ; Grand, 
near Vienna. 



Fig. 1017. 

Melongena cornuta Agassiz. Miocene; Bordeaux. 


Fig. 1019. 


Strepsidura ficvlnea 
(Lam.). CalcaireGrossier; 
Damery, near Epemay. 
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wholly or partially covered by margins of the inner and older Ups. Operculum horny. 
Cretaceous to Recent. 

Murex Linn. (Figs. 1020-1022). Shell rounded, spire prominent. Surface with at 
least three, often more than three varices or transverse rows of spines or nodes on each 

whorL Aperture ovate ; inner lip smooth, outer lip 
thickened. Canal much prolonged, partially closed, 
usually spinose. Cretaceous to Recent. 



Fia. 1022. 

Fig. 1021. Murex ( Purpura ) 

Murex spmicosta Bronn. trienrinatus Lam. Eo- 

Murex (. Phyllonotus ) sedgwicki Micht. Miocene ; Baden near cene ; Damery, near 
Miocene ; Gamfahm, near Vienna. Vienna. Epernay. 


Fig. 1020. 


Fig. 1023. 

Typhis tubifer 
Montf. Calcaire 
Grossier; Gngnon, 
near Paris. 


Subgenera : Haustellum Klein ; Rhinacantha Adams ; Ghicoreus , Phyllonotus (Fig. 1020) 
Montfort ; Purpura Martyn {Pteronotus Swainson) (Fig. 1022) ; Tritonalia Fleming ( Odnebra 
Leach), etc. 

Typhis Mont£ (Fig. 1023). Like Murex, but with hollow spines. Canal short, 

completely closed. Upper Cretaceous to Re- 
cent 

Trophon Montf. Spire high. Longitu- 
dinal ribs replaced by thin lamellae. Canal 
open, somewhat curved. Tertiary and Recent. 


Family 4. Thaisidae Dali. 

Shell thick , usually ovoid ; spire short , 
body whorl large. Aperture wide , inner lip 
and columella more or less flattened; canal 
short. Operculum horny . Cretaceous to Re- 
cent. 



Fig. 1024 

Thais exilis 
Partsch. Mio- 
cene; Mollers- 
dorf, near Vienna. 


Fig. 1025 . Thais Bolten ( Purpura Brug.) (Fig. 1024). 

Rapana laxecarinata Micht Imperforate ; body whorl with transverse 
OHgooene; Santa Giustma, r jt, s or no( ies. Aperture oval, columella flat- 
tened, smooth. Tertiary and Recent. 

Rapana Schnm. (Fig. 1025). Like the preceding, but perforate. Inner lip callous, 
expanded. Cretaceous to Recent 

Lysis Gabb ; Stenomphalus Sandberger. Cretaceous and Tertiary. 

Sistrum Montf (Ridnula Lam.); Acanthina Fischer de Waldheim (Monoceros 
Lam.) ; Ooncholepas Lam. ; Gymia Morch, etc. Tertiary and Recent 
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Family 5. Fusidae Tryon. 

Shell turreted , fusiform or ovoid , generally without varices . Canal more or less 
elongated. Inner lip smooth , or with weak, columellar folds ; outer margin thin. Oper- 
culum horny. Jura to Recent. 

These shells are sparse in the Upper Jura and Cretaceous, but abundant in the 



Fusus longirostris ^ IG ‘ 1 • 102S * Flo 102 q 

Broccht. Miocene; Clavella longaevus Lam. SycumlulUforms (Lam.). Cal- * u * 

Baden, near Eocene; Damery, near caire Grossier; Gngnon, near Fasciolaria torbelhana Grat 
Vienna. Epernay. Paris. Miocene ; Grand, near Vienna. 


Tertiary and Recent. The animal differs somewhat from that of the Buccinidae and 
Muricidae. 

Fusus Lam. ( Fusinus Raf. ; Oolus Humph.) (Fig. 1026). Shell narrow, elongate; 
spire acuminate. Aperture ovate; canal very long, straight, open. Outer margin 
thin, sometimes crenulate, and often striate within ; columella smooth. Rare in 
Upper Jura and Cretaceous, very profuse in Tertiary and Recent 

Clavella Swains. (Cyrtulus Hinds) (Fig. 1027). Thick-shelled, smooth or with 
fine spiral striae. Body whorl suddenly contracted anteriorly. Canal 
very long, straight Common in Eocene; rare in Neocene and Recent 

Sycum Bayle (Leiostoma Swains.) (Fig. 1028). Spire short; 
body whorl inflated, smooth, somewhat flattened below the suture. 

Inner lip smooth ; canal straight Common in the Eocene ; rare 
in Miocene. 

Fasciolaria Lam. (Fig. 1029). Like Fusus, but distinguished 
in general by having a shorter spire, more inflated body whorl, a 
wider and more sinuous or flexuous canal, and in that the anterior 
portion of the columella has two or three oblique plications. 

Cretaceous to Recent Fia. ioso. 

Latirus Montf. (Fig. 1030). Shell fusiform, turreted ; spire Latirus craticuiatus 
costate. Aperture oblong, outer margin relatively thin, crenulate; ^apugyjTraiisyfvaniai 
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columellar border slightly twisted, with two or three small oblique plaits anteriorly ; 
sometimes umbilicate. Cretaceous to Recent. 

Pisanella v. Koenen. Oligocene. Peristernia Morch ; Leucozonia Gray. Tertiary 
and Recent. 

Family 6. Vasidae Adams. ( Turbinellidae auct.). 

Shell similar to those of the preceding family, but with strong , horizontal colimellar 
folds. Tertiary and Recent. 

Xancus Bolt, (Turbin ella Lam. ; Mazza Adams ; Mamalina Conrad). Thick- 
shelled, ovate -conical, smooth; spire short and blunt, body whorl large ; canal 
straight, elongated. Eocene to Recent. 

Vasum Link (Gynodonta Schum.). Shell heavy, strongly sculptured, often spinose, 
with short canaL Tertiary and Recent. 


Family 7. Volutidae Gray. 

Shell thick , ovate to fusiform , dull or lustrous. Spire short or long , body whorl large. 
Aperture elongated , with a short canal or notch; inner lip 'with columellar folds. Oper- 
culum usually absent Cretaceous to Recent. 

This family, as here defined, contains genera distributed by malacologists amongst 

several families — Marginellidae , Mitridae and 
Volutidae — all of which are characterised by the 
strong development of columellar folds; but it is 
likely that this structure originated independently 
in several phyla at intervals remote from one 
another. The initiation of well-marked genera 
with Yolutoid plaits occurred in the Cretaceous. 
Subsequently their number increased, and a great 
many generic types became differentiated. The 
phylogeny of Tertiary and Recent forms has been 
ably worked out by DalL 1 

Marginella Lam. (Fig. 1031). Shell oval or 
oblong, smooth, glistening. Spire short ; aperture 
narrow, slightly canaliculate anteriorly. Columella 
with three or four oblique folds of about equal 
size; outer margin frequently thickened and dentate. 
Tertiary and Recent. 

Mitra Lam. (Fig. 1032). Fusiform to elongate- 
Mitra fusi/omm oval, solid ; spire high, acuminate ; aperture narrow, 
5 rae* h Rhodes Pll °” c ^ arLne ^ e ^ anteriorly. Columella with numerous 
oblique folds, the posterior plaits 
being often the strongest Outer margin commonly thickened, and 
smooth internally. Abundant in the Tertiary and Recent. 

Turricula Adams. Like the last, but shell transversely ribbed. 

Cretaceous to Recent 

Strigatella Swains. (Fig. 1033) ; Gylindromitra Fischer ( Gylindra 
Schum.) ; Imbricaria Schum. ; Volutomitra Gray ; P&rplicaria Dali. 

Tertiary and Recent 

Lyria Gray (Fig. 1034). Elongate -oval, transversely ribbed. 

Aperture narrow. Columella anteriorly with two much compressed 

1 Bull. Museum Comp. Zoology, vol. xviiu, 1839 ; Proc. U.S. Nat. (Lamfy^^Bo^fne^ 
Museum, vol. xii., 1890, Trans. Wagner Free Inst Sci. Philad., vol. iii., 1890. Gngnon, near Pans,, 



Fig. 1031. 

Marginella crast>ula 
Desh. Calcaire Glos- 
sier; Chaumont, near 
Paris, s/j. 



Fio. 1032. 



Fm. 1083. 
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and very large plications, behind (above) which are numerous weaker ones. Outer 
margin thickened. Tertiary and Recent. 

Ampulla, Bolten (Halia Risso ; Priamus Beck). No columellar folds. Pliocene and 
Recent. 


Volutilithes Swains. (Figs. 1035-36). Shell fusiform, spire elongate-conical; proto- 
conch small, rising to a more or less acute apex. Whorls costate, typically spinose. 
Aperture anteriorly with short broad canal ; columellar folds variable, several in 
number, those toward the anterior being generally the most pronounced. Abundant 
in the Cretaceous, Eocene and Oligocene. 

Allied genera : Gosavia Stol.; Leioderma and Rostellites Conrad ; Liopeplum Dali; 
Volutoderma (Fig. 1037) and Volutomorpha Gabb. Cretaceous. 

Athleta Conrad. Spire short, body whorl inflated, posteriorly with a row of 



Fia 1034. 



Fio, 1035. 


Lyria modesta Volutilithes lacorona 

A. Braun. Oligo- (Lam.). Eocene; Cour- 

cene ; WomLeim. tagnon, near Epemay. 



Fio. 1036. 

Volutilithes muricuiiii, hum. 
Calcaire Grossier; Damery, 
near Epernay. 



Fio. 1037. 

Volutodcnm elan- 
g<tta d’Orb. Gosau- 
Cretaceous; St. Gil- 
gen, Austria. 


spinous nodes. Inner lip callous, much expanded ; columella anteriorly with three 
strong transverse folds, behind (above) which follow a few weaker ones. Outer 
margin thickened. Miocene and Pliocene. 

Scaphella Swains. Shell in this genus is elongate-oval or fusiform, solid, broad, and 
with elevated, turbinate, smooth protoconch. Spire short, longitudinally plicate, the 
folds being elevated into obtuse tubercles on the base of the whorls. Aperture narrow, 
canaliculate behind and broad in front ; inner margin often covered by a tliin callus. 
Columella carrying many plaits, four or five of which are prominent, the remainder 
much smaller. Tertiary and Recent. 

Subgenera : Fulgoraria Schum. ; Scapha Gray ; Zidona Adams ; ( Volutclla d’Orb.) ; 
Aurinia Adams ( Volutifusus Conrad) ; Qaricella Conrad ; Adclomelon and Fucymla Dali, etc. 

Voluta Linn. Spire short, protoconch small. Aperture narrow, inner lip callous, 
with numerous transverse folds ; outer margin thickened. Tertiary and Recent 

Melo Humphr. (Oymbium pars, Bolten). Recent. 


Family 8. Harpidae TroscheL 

Spire depressed; body whorl inflated , with sharp , uniformly spaced transverse ribs . 
Aperture wide , with short broad canal Inner lip callous. Operculum absent Tertiary 
and Recent. 

' VOL. I 2 0 
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The typical genus Earpa Lam. 

A 



Hai'pa mutica Lam. frouZes (Lam.). Calcaire 
Calcaire Grossier ; Grig- Grossier ; Damery, near 
non, near Pans. Epemay. 


Earpa Lam. (Silia Mayer) (Fig. 1038), ranges from the Eocene 
to the present time. 

j£\ Cryptochorda Morch (? Earpopsis Mayer) 

( l^L (Fig. 1039). Elongate-oval ; spire short, 

IVun body whorl large, smooth, lustrous. Aperture 

j with short Recurved canal ; inner lip callous. 

1 I ( Common in the Eocene. 

jJIF Family 9. Olividae d’Orbigny. 

Shell elongate-oval to subcylindrical , solid , 
f! / smooth and glistening. Spire short; body 

Fig. 103a whorl very large. Aperture narrow ; outer 

Cryptochorda u,om- lip sharp ; columella anteriorly with an out- 
jSsiS'^DameryJ'near war dly reflected callus. Canal very short. 
pemay. Cretaceous to Recent. 


Oliva Martyn (Fig. 1040). Shell subcylindrical ; 
groove. Columellar callus obliquely folded. Cre- 
taceous to Recent. 

Olivella Swainson. Small, with acute en- 
amelled spire. Tertiary and Recent. 

Ancilla Lam. (Ancillaria Lam.) (Fig. 1041). 
Shell oblong, occasionally acuminate. Suture 
usually covered over by a lustrous enamel -like 
callus. Aperture somewhat broadened anteriorly ; 
columellar callus slightly twisted. Cretaceous to 
Recent. 


suture line marked by a deep 




Flu. 1040. Fiu. 1041. 

Superfamily 5. TOXOGLOSSA Troschel 

. „ _ _ _ , Bordeaux. cene ; Stemabrunn. 

Radula typically with only two arrow-shaped 

teeth in each transverse row , although occasionally as many as five teeth are developed • 
Shell similar to that of the Rachiglossa. 

This group is most closely allied to the Radii- 1 

glossa, from which it probably became differentiated jg 

in the Cretaceous. The Tertiary and Recent species are Jl 

excessively profuse. All are carnivorous and marine. fi 



Family 1. Cancellariidae Adams. 19 

Shell oval to turreted. Spire acuminate; body fSJ 

whorl inflated ; surface transversely ribbed and in most MM 

Fio. 1042. cases cancellated. Aperture with short canal or notch ; 8mm 
t'eiiata(Lmn.y Mio- columella with several strong oblique folds , outer lip 
nlar VieimjL fa * irn ’ grooved internally. Upper Cretaceous to Recent. 

The typical genus Gancellaria Lam. (Fig. 1042) 
attains a maximum distribution in the late Tertiary and Recent. MjBHk 

Family 2. Terebridae Adams. 

Shell turreted , slender, acuminate , with small body whorl . Aperture Terebra acuminata 
oval or quadrilateral ; canal short , curved ; outer lip sharp . Oper- Borson. Miocene; 
culum horny. Tertiary and Recent Baden, near Vienna. 


Of the two leading genera, Terebra Lam. (Fig. 1043) and Eastula Adams, the first 
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s characterised by a line running parallel with the suture, and creating a narrow 
suture band. Duplicaria Dali has the suture channelled. 


Family 3. Turritidae Adams ( Pleurotomidae Stoliczka). 

Shell fusiform, with moderately high spire. Aperture elongated, produced anteriorly 
In a longer or shorter canal . Outer lip with a slit or notch below the suture. Operculum 
iorny, sometimes absent. Cretaceous to Recent. 


Upwards of 700 recent and 1000 fossil species have been described, of which 28 
ire Cretaceous. 


Turris Bolten (Pleurotoma Lam.) (Figs. 1044-1047). 
n B u 


Shell turriculated, spire long. 
A B 



Fig. 3044. 


A, Turns notatci (Brocchi) var. (-T. moiulis 
Hoernes). Miocene ; Baden, near Vienna B, T. (Su,r- 
cuhi) lamarcki Bell Miocene ; Baden, near Vienna. 
C, T. (Shireula) helgica Nyst. Oligocene ; Weinheim, 
near Alzey. 



Fig. 1046. 


A, Turns ( Genota ) ramosa Bast 
Miocene; Grand, Hungary. J3, 
T. (Cl yptoconus) filosa (Lam,). Cal- 
caire Grossier, Gngnon, near Paris. 


Body whorl of nearly equal length with the spire ; 
margin smooth. Outer mar- 
gin of the aperture with a 
narrow, deep sinus, situated 
at or some distance below the 
suture. Operculum pointed 
ovate, with apical nucleus. 

Cretaceous to Recent. 

£>ubgenera : Surcula (Fig. 

1044, B, O ) ; Genota Adams 
(Fig. 1045, A) ; JBathytoma 
Harris (Fig. 1046) ; Oligotoma , 

Mouaultia Bellardi ; Crypto - 
conus v. Koe'nen (Fig. 1045, B ) ; 

Drillia (Fig. 1047) ; Bela Gray ; 

Laclmis Risso, etc. 

Clavatula Lamarck (Fig. 

1048). Differs from Turris 
proper in that the outer margin cataphrwta Brocciii 
is cut by a shallow triangular Vienna, 
notch, and the nucleus of the 



Fig. 1046. 
Turris (Bathytoma) 


canal long and straight ; columellar 



Fig. 1047. 

Turris (Drillia) 
incrassata Duj. Mio- 
cene ; Steinabrunn, 
near Vienna. 



Fig. 1048. 


Clavatula, asperulata 
Lamarck. Miocene ; 
Grand, Hungary. 


operculum is situated in the middle of the anterior margin. Cretaceous to Recent. 
Subgenera : Pseudotorm, Olinura Bellardi. 
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Borsonia BeUardi (Fig. 1049). Outer margin witli a shallow notch ; canal long 
and straight ; columella with one or two folds ; operculum unknown. Eocene to 
Recent. 

Mangilia Risso (Fig. 1050). Shell small, fusiform, imperforate and typically, 
with longitudinal costae or swellings. Aperture commonly narrow, with a short, 



Fig. 1049. 

Borsonia delucii 
Nyst. Lower Oligo- 
cene ; Lattdorff, near 
Bemburg. 


Fig. 1050. 

Mangilia angusta 
Jan. Pliocene; 
Occiano, near Pisa. 


A B 



Fig. 1051. 

A, Clathurella strom - 
Mila Duj. Miocene ; 
Kienberg, near Vienna. 
B, Bdlanhdla reticu- 
lata (Broccln> Plio- 
cene ; Sassnola, near 
Modena. 



Fig. 1052. 

DapJinclla (Raplii- 
toma) vnlpecula 
Brocclu. Pliocene ; 
Sassnola, near 
Modena. 


truncated canal ; no operculum ; sinus near the suture. Outer margin usually acute, 
not dentate posteriorly with shallow notch. Tertiary and Recent. 

Allied genera are the following: Clathurella Carp. (Fig. 1051, A); Bellardiella 

Fischer (Fig. 1051, B) ; Atoma Bellardi; Glypho- 
stoma Gabb ; Daphnella Hinds, with subgenus Baphi - 
toma Bellardi (Fig. 1052) ; Eucythara Fischer, etc. 

Family 4. Conidae Adams. 

^ell convolute , turbinate or subcylindrical , 
generally smooth . Spire short , conical or flattened . 
Aperture long , narrow , anteriorly notched . Outer lip 
sharp , sometimes with an anal sinus below the suture . 
Columella smooth Operculum horny . Cretaceous to 
Recent. 

This family is now enjoying its acme of 
development, having entered upon its ascendency 
during the Tertiary. The typical genus, Conus 
^ IG 1053 Linn. (Fig. 1053), is divided by malacologists into 

a, Conus ponderoiun Brcechi. Miocene; numerous subgenera, connected with one another 
Lapugy, Transylvania. ~b, c. par Mentis bv intermediate forma It is initiated in the 
Drain Oalcairc Greasier; Gngnon, near 0retaceom 

Conorbis Swains. Characterised by a high 
spire, and a curved, outer lip, which is deeply notched posteriorly. Eocene and 
Oligocene. 



Subclass 2. EUTHYNEURA Spengel. 


Gastropods in which the visceral nerve commissures are not crossed , but form a simple 
loop ; the sexes are united (hermaphroditic) ; and the heart is of ten in front of the gill . 
Shell spiral or saucer-shaped, frequently vestigial or absent ; operculum generally wanting . 
Badula generally muUiserial 
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Order 1. OPISTHOBBANCHIA Milne Edwards. 

Marine , water -breathing forms, either naked or shell-covered , in lohich the gills are 
placed behind the heart and lie free on the back or side ; or true gills may be absent, 
being replaced by secondary or false gills. Heart with a single auricle. 

The Opisthobranchiates, unlike the Streptoneura (Prosobranchiates), send the blood 
into the heart from behind, instead of from the anterior side. The gills, in the form 
of a more or less branched plume, lie on the right side, or are replaced by false gills 
not homologous with the ctenidium, arranged either in two rows on the back, or 
wreath-like around the anus. The gills are often covered by the mantle, and some- 
times become completely atrophied. The radula generally resembles that of the 
Pulmonates. The body and nervous system usually exhibit bilateral symmetry. 

. Three suborders are recognised in the recent fauna .* (1) Nudibranchiata , in which 
a shell is absent, except during the larval stage, and the ctenidium is replaced by false 
gills ; abundantly distributed m all seas at present, but owing to their perishable 
nature are unknown as fossils ; (2) the Tectibranchiata, in which a mantle, shell and 
ctenidium or true gill is developed ; and (3) the Pteropoda, dating from the Cambrian, 
and from which the second suborder is perhaps derived. A provisional fourth sub- 
order, the Gonularida , contains Paleozoic forms of doubtful affinities, of which part 
are probably not Mollusca. 

Suborder B. TECTIBRANCHIATA 1 

This group, briefly defined above, has fossil representatives as early as the 
Paleozoic. During the Mesozoic, a few genera now extinct were very profuse. Most 
of the Tertiary species belong to existing genera. 

Family 1. Acteonidae d’Orbigny. 

Shell ovate , with exposed spire , the surface usually grooved and punctured, sometimes 
smooth. Aperture long , rounded below ; columella generally twisted , or with folds. 
Operculum paucispiral. Carboniferous to Recent. 

Solidula Fischer von Waldheim (Buccinulus Adams ; Dactylus Schum.). Ovate or 
oblong, compact, solid, with a short conic spire. Columella bearing two plications, the 
anterior prominent and bifid, the posterior comparatively inconspicuous when the 
shell is entire ; between them the columella is spirally excavated. 

A few ill-defined species from the French Eocene and Miocene, one 
from the Australian Pliocene, and numerous Recent tropical species 
are known. 

Tomatellaea Conrad (Fig. 1054). Differs from Solidula and 
Acteon in the more anterior disposition of the two columellar 
plications, in the marked depression on the anterior portion of the p ra 1054 . 
aperture, and in the greater thickness of the shell near the outer T&mateUaea su- 
border of the aperture, which is frequently crenulated. Base of Jura cene^°Lattdof f" 
to Miocene ; widely distributed. Type, T. bella Conrad. Subgenus : near Bernburg. 
Triploca Tate. Eocene ; Australia. 

Acteon Monti ( Tornatella Lam. ; Speo Risso ; Kanilla Silvert.). Oval, spirally 
punctate-striate, with conic spire. Protoconch not very prominent ,* nucleus sinistra! 

1 Literature (see also preceding bibliographies) : Oossmann, M., Essais de paldoconchologie 
comparde, i., 1895. — Pilsbry , Jff. A ., Monograph of Recent Tectibranchiata, in Manual of Conch - 
ology, vols. xv., xvi., 1894-95. 
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Columella thick, with one strong, spiral, slightly oblique plication. Upper Cretaceous 
to Recent. 

Adelactaeon Cossm. (. Myonia, Adams). Shell with sinistra! protoconcli, the latter 
not very large. Whorls decussated by fine striae, growth -lines 
inconspicuous. Columella slightly excavated, and carrying a 
small but well-marked plication. Miocene of France and Ger- 
many, and Recent. 



Fig. 1050. 

Actaeoruna myosoti 
Buv. Coral-Rag, St. 
Milnel, Meuse ^ 
(after Buvigmer). 


Fig. 1055. 

Actaeonina dormoisiana 
d'Orb. Coral-Rag ; Val- 
fln, Ain. 


Flo. 1057. 

Cylmdntes acutus 
(Sowerby). Great 
Oolite; Mmehin- 
hampton, England. 



Fid. 1058. 

Actaeonella gigantea Sowb. Turoman ; 
Grunbacb, Lower Austria. 


Actaeonina d'Orb. {Orthostoma Desb.) (Figs. 1055, 1056). Shell ovoid to fusiform, 
usually smooth, rarely spirally striated. Spire conical, body whorl very large, 
narrowing toward the base. Columella straight, without folds. 
Outer lip sharp. Carboniferous to Recent. 

Subgenera : Euconactaeon , Gonactaeon Meek. 
Lias. Dowoilleia Bayle. Tertiary. 

Gylindrites F&r. (Fig, 1057). Cylindrical- 
ovoid with short spire. Columella with an 
anterior fold. Trias to Cretaceous. 

Bullina F4r. Jura to Recent. Gylindro- 
bullina v. Ammon, Trias and Lias, Etallonia 
Desh. Jura and Tertiary. Bullinula Beck. 
Jura to Recent. 

Actaeonella d'Orb. (Figs. 1058 - 1060). 
Thick -shelled, inflated, smooth. Spire short ; 
columella thickened anteriorly, with three 
sharp folds. Very profuse in the Middle and 
Upper Cretaceous; maximum distribution in 
the Hippurite Limestone of the Alps. 

Like the preceding, but with insunken spire - 




Fig. 1059. 

Actaeonella voluta 
Goldf. Turonian; 
Gams, Styria. 


Fig. 1060. 

Actaeonella (Folvu- 
hna) laevls Sowb. 
Turoman, Gosau. 


Subgenus : Folvulina, Stol. (Tig. 1060), 

Cretaceous. 

Volvaria Lam. Cylindrical, with involute, concealed spire. Surface usuall 
spirally striated ; aperture narrow; columella with four anterior plications. Eocene 
Ovulactaeon Dali. Similar in form to Gypraea, but without plications. Recent. 
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Family 2. Ringiculidae Meek. 

Inoperculate forms resembling the Adaconidae in having colmiellar folds. Creta- 
ceous to Recent. 

Oinulia Gray (Fig. 1061). Globose, inflated, spirally grooved or punctate. Spire 
short ; aperture crescentic ; outer lip reflected and thickened. Columella and inner lip 
with numerous transverse folds. Cretaceous. 


Subgenera : Avellana t Rmginella d’Orb. ; Eriptycha Meek ; Fortisia Bayan. Eocene. 

Ringicula Desh. (Fig. 1062). Small, ovoid to globose, thick-shelled, with mammil- 
lated protoconch. Spire short ; body whorl large, usually smooth. Aperture canal - 


j b r 



Fig. 1001. 

A , Cinulia ( Avollann ) inrmwata (Mant.). Gault; Perte du 
RhAnp. B, C. (Rtngmclla) Uwhryma Mich. Gault; Folkestone, 
England. C\ (Enjitycha) drcurtatu Zekeh. Turoman; Gosau, 
Austria. 



Fig. 1062. 

Ringicula hoerncfti 
Seguenza. Miocene ; 
Stemabiunn, near 
Vienna. 


iculate posteriorly, excavated anteriorly. Columellar border thick and callous ; the 
columella arched, and furnished with from two to four plications. Outet margin 
usually very thick, reflected, and occasionally denticulated within Cretaceous to 
Recent 

Pugnns Hedley. Cylindrical, with sunken spire. Recent. 


Family 3. Akeratidae Pilsbry. 

Shell oval or cylindrical , thin and fragile , the spire low or concealed. Tertiary and 
Recent. 


Aker a Muller (Fig. 1063). Thin-shelled, flexible, with exposed, truncated spire. 
Whorls separated from one another by deep sutures. Sutures 
deep and prominent ; outer lip separated from the spire. 

Eocene to Recent. 

Haminea Leach. Oval, thin - shelled, brittle; the spire 
concealed. Tertiary and Recent. 



Family 4. Hydatinidae Pilsbry. 

Globose or oval , with exposed, nearly level spire and tilted 
protoconch. Jura to Recent. 


Fig. 100d. 

ATcera striatella Lam. 
Oligocene ; Castel Gomberto, 
near Vicenza. 


Hydatina Schumacher. Jura to Recent. Aplustrum Schumacher; Micromelo 
Pilsbry. Recent. 


Family 5. Bullariidae Pilsbry (emend.). 

Shell oval or sub-globose, involute , smooth. Spire sunken and concealed. Aperture 
long , rounded anteriorly ; outer lip sharp. Marine. Jura to Recent. 

Bullaria Raf. ( Bulla Linn.) (Fig. 1064). Oval, inflated, with sunken spire and 
perforated apex. Aperture rounded posteriorly and anteriorly. Jura (?) to Recent. 
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Family 6. Acteocinidae, novum ( Tornatinidae Fischer). 

Radula unarmed. Tertiary and Recent. 

Acteocina Gray (Tornatina Adams) (Fig. 1065). Cylindrical, with projecting 
spire, and sinistral, tilted protoconch. Columella hearing a single 
fold. Tertiary and Recent. 

Retusa Brown. Shell resembling Gylichna . Tertiary and 

Recent. 

e Volvula Adams ( Volvulella Newton). 
? Fusiform, the body whorl forming a point 

j above the spire. Eocene to Recent. 


Bnllana ampulla 
(LinnA Pliocene ; Asti, 
Italy. 


Actcocina exerta 
(Desli.). Oligocene ; 
Jeurres, near Etampes 
(after Deehayes). 


Family 7. Scaphandridae Fischer. 

Spire concealed ; radula with few teeth in a 
% Trias to Recent. 


Scaphander Montf. (Fig. 1066). Shell sub-cylindrical, with epidermis, usually 
spirally striated. Body whorl of enormous capacity, much dilated 
— anteriorly. Columella spiral, leaving a false umbilicus. Creta- 

# ceous to Recent. 

Atys Montf. Cretaceous to Recent. Diaphana Brown. Ter- 
tiary and Recent. Smaragdinella Adams. Recent 

Gylichna Lov4n ( Bullinella Newton) (Fig. 1067). Small, 
| cylindrical, solid ; spire deeply perforated at 
1 the summit; body whorl covering all the 
I others. Aperture very narrow, outer margin IWi 

lower than the axis of the shell. Columella / ''ll 

thickened anteriorly and bearing a small plica- L\, Jill 

tion ; often umbilicated. Trias to Recent. tiLMI 


Scaphander cnnicns 
Desh. Eocene ; Brack- 
lesham, England. 


Family 8. Philinidae Fischer. 


Fio. 1007. 

Cylichna conoitlea 
Deshayes. Oligocene ; 


Similar to Scaphandridae , but shell internal , wemlieim, near S Aizoy. ; 
loosely coiled , punctate. Cretaceous to Recent. 


Philine Ascan. ( Bullaea Lam.) (Fig. 1068). Cretaceous to Recent. 


Family 9. Umbraculidae Pilsbry. 

Shell limpet-shaped, with low sub-central apex , and sharp , thin edges. Tertiary and 
Recent. 

Umbraculum Schum. ( Umbrella Lam.). Shell orbicular, broad, 
patelliform, ornamented exteriorly with concentric lines of growth ; 
internal surface with concentrically undulating striae. Eocene to 
Recent. 

Other families of Tectibranchiata, such as Aplydidae , Pleuro- 
Fio. iocs. branchidae , etc., are represented in the Recent fauna, but their thin, 

Philine excarata often membranous shells have not been found fossil. The supposed 
CMcatre 3 ’ Grower; Aplysias reported from the Pliocene by Philippi are flakes from the 
Grignon, near Paris, interior of Pelecypod valves. 
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Suborder 0. PTEROPODA Cuvier. 1 

Naked or shell-covered , hermaphroditic , pelagic Mollusca , without distinct head. Eyes 
rudimentary , omcZ /oo£ modified so as to form two lateral , wing-like fins , situated on the 
anterior end of the body . The gills are placed behind the heart. 

The body of these free-swimming Mollusca is sometimes elongated, sometimes coiled 
posteriorly in a spiral. In some instances it is covered by a thin transparent shell 
(: Thecosomata ), but oftener it is naked ( Gymnosomata ). The creatures associate in vast 
swarms in the open sea, and rise to the surface toward nightfall Their shells often 
accumulate in prodigious quantities on the sea-bottom, forming calcareous deposits of 
considerable magnitude. 

Cuvier recognised the Pteropods as an independent class of Mollusca, having equal 
rank with the Gastropods. Modern researches, however, have approximated them 
more closely to the latter through the swimming Opisthobranchs. If we regard it as 
probable that invertebrate life began in the sea, it almost certainly follows that 
Pteropods are among the earliest Mollusca. Also, granting that the conditions of 
their existence have undergone no appreciable change since the ocean became capable 
of sustaining such pelagic life, there is no obvious reason why the members of the 
group should have since experienced any radical modification. 

The earlier paleontologists, d’Archiac, de Verneuil, Sandberger, Barrande and 
others, recognised the true relations of the Paleozoic Pteropods, though uniting with 
them some forms of similar appearance, which probably are not of mollusean nature, 
such as Gonularia , and perhaps Tentaculites. 

Neumayer and Pelseneer, led by preconceived theories, have objected to the union 
of Paleozoic forms like Hyolithes with the Pteropods, though proposing no satisfactory 
alternative; and by a curious reversal of paleontologic succession, have wished to 
derive the Pteropoda from the more modern Opisthobranchs. Since the anatomy of 
the Cambrian forms seemed inaccessible, the uncertainty bade fair to remain permanent, 
when, by the discovery of the wonderful Middle Cambrian deposits of the Canadian 
Rocky Mountains, among the other fossils showing traces of the soft parts, were found 
several specimens of Hyolithes carinatus Matthew, with distinct and clear impressions 
of the pteropodia. These, judging from the sharpness of their anterior margins, seem 
to have had there some kind of a chitinous support, perhaps like the chitinous rods 
supporting the gill-lamellae of some Nuculidae . 2 This wholly unexpected confirmation 
of the earlier view as to the relations of these fossils, falls in with the views generally 
held by malaeologists as to the derivation of the swimming Opisthobranchs from the 

1 Literature (see also preceding bibliographies) : Sandberger , G., Die Flossenfusser oder Ptero- 
poda. Neues Jahrb. fur Mineral., pp. 8-25, 1847. — Barrande , J., Pugiunculus, ein fossiles 
Pteropoden-Geschlecht. Neues Jahrb. fur Mineral., pp. 554-558, 1847. — Syst6me Silurien du centre 
de la BohGme, vol. lii. Pteropodes, 1867. — Salter, J. TV., Memoirs of the Geological Survey of 
Great Britain, vols. ii., iii., 1848, 1866. — Seguenza, G., Paleontologia malacologies deiterreni terziarii 
del distretto di Messina. Pteropodi ed Eteropodi. Mem. Soc. Ital. Sci. Nat. Milano, vol. ii., 1867. 
— Karpinsky , A., Die fossilen Pteropoden am Ost-Abhang des Ural. M6m. Acad. St. P6tersbourg, 
ser. 7, vol. xxxii. pp. 1-20, 1884. — Dollfus , G. and Ramond, G., Liste des Pteropodes du terrain 
tertiaire parisien. Mem. Soc. Malacol. de Belgique, vol. xx., 1885. — Walcott, G. D., Contribution 
to Studies on the Cambrian Faunas of North America. Bull. U. S. Geolog. Survey, vol. iv. 'No. 30, 
pp. 125-146, 1866. — The Fauna of the Lower Cambrian or Olenelius Zone. Tenth Ann. Rept. 
U.S. Geol. Survey, 1&90. —Pelseneer, P. } Report on the Pteropoda. Report Challenger Expedition, 
Zoology, vol. xxiii., 1888. — Idem, Bull. Soc. Beige de G4oL Palaeont. et Hydro!, vol. iii., 1889. — 
Blanckenhom, M., Pteropodenreste aus der oberen Kreide Nord-Syriens und aus dem hessisclien 
Oligocan. Zeitschr. Deutsch. Geol. Ges., vol. xli., 1889. — Novdk, 0 ., Revision der palaozoischen 
Hyolithiden Bohmens. Abliandl. Bohm. Ges. Wiss. [7] vol. iv., 1891. — Holm, G., Sveriges Kam- 
brisk-Siluriska Hyolithidae och Conularidae. Afhandl. Sver. geol. Undersok., Ser. C, No. 112, 
1893. — Slater , /., Monograph of British" Conulariae. Palaeont. Soc., 1907. — Walcott, O. D., Cam- 
brian Geology and Paleontology. Smiths. Misc. Coll., 1912, vol. Ivii., No. 5. 

2 A figure of this fossil is given by Walcott in Smithson Misc. Coll,, 1912, vol. Ivii., No. 5. 
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same stem as the Pteropoda, and their natural association with the latter in a single 
large group. 

Family 1. Limacinidae Gray. 

Shell thin , spiral, sinistral , with vitreous , paucispiral operculum. Tertiary and 
Recent. 

The genus Limacina Lam. (Spinalis Eyd. and SouL ; Embolus Jeffreys), is of 
sporadic occurrence in the Tertiary (Eocene and Pliocene). V alvatina Watelet, 
includes flat si nis tral shells from the Calcaire Grossier of Paris, and Planorbella Gabb 
comprises similar forms from the Oligocene of San Domingo. 


Family 2. Cavoliniidae Fischer. 

Shell symmetrical, thin, vitreous, ventricose, pyramidal, or conically tubiform, but not 
spiral Cretaceous to Recent. 


Gavolina Abildgaard (Hyalaect Lam. ; Gamopleura Bellardi) (Fig. 1069). Shell 

globose, laterally keeled and slit, acuminate pos- 
teriorly ; composed of two unequally arched pieces, 
one of which projects helmet-like above the other. 
Recent, and fossil in the Italian Miocene and 
Pliocene. 

Clio Linnaeus (Gleodora Peron and Lesueur; 
Balantium Benson ; Flabellum , Poculina Bellardi) 
(Fig. 1070, A, B). Shell somewhat angular, com- 
pressed dorso-ventrally, with lateral keels. A crest 
or rib generally extends longitudinally along the 
hack, and usually projects. Upper Cretaceous to 
Recent. A common fossil in the Pliocene of Monte Mario, near Rome, and in the 
'vicinity of Messina and Turin ; also in the Oligocene of the Mayence Basin, and in 
the English Crag. 



A , Carolina ( Hyulam ) tndmtata Forsk. 
Recent. B, C\ C. (Gamopleura) taurinensis 
Siam. Miocene ; Turin, Italy. 



Fro. 1070. 

-**> (^leodora) pyramitiata Linn. Pliocene ; 
Monte Mario near Borne. B , Clio (Balantium) re- 
cur mm A. Adams. Recent. Animal with shell (after 
Adams). C, Vaginella depressa Daudm (Cleodora 
strangulata Desh.). Miocene ; Dax, near Bordeaux. 



Fro. 1071. 

A, Creseis recta Lesueur. Recent (after 
Adams). B, Styliola striatula Nov&k. Devonian 
(Stage H) ; Hlubocep, Bohenjia. 3/j. 0, Cream 
clavulus Barr. Devonian (Stage H); Hostm, 
near Prague, Bohemia. Several individuals on 
slate-fragment, l/i* 


Subgenus: Creseis Rang ( Crisia Menke) (Fig. 1071, A, O). Shell conical, straight, 
elongated ; surface smooth or faintly striated ; dorsal groove not parallel to axis of the shell, 
but slightly spiral, with only the anterior extremity (which ends m a rostrum) in the median 
line ; embryonic portion ends in a pointed apex. Tertihry and Recent. 

Styliola Lesueur (Fig. 1071 B). Conical, with bulbous protoconch, no dorsal groove, 
aperture circular. 
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In the Devonian of Bohemia, Nassau, Ural and North America, great numbers of smooth, 
circular, longitudinally striated tubes are occasionally met with, the. posterior end of which is 
inflated into a small bulb. Similar tubes have also been described by Blankenhorn from the 
Cretaceous of Syria. None of these differ externally to any great extent from Olio or Styliolct. 

Vaginella Daudin (Fig. 1070, C). Shell long, ventricose, depressed ; aperture 
slightly canalioulated and compressed laterally. Cross-section elliptical. Upper 
Cretaceous to Recent. a b c 

Gwierina Boas; Triptera *Quoy (Tibiella 
0. Meyer). Tertiary and Recent. Euchilotheca 
Fisclier. Eocene. 



Family 3. Hyolithidae Nicholson. 

Shell symmetrical, conical or pyramidal , 
straight or sharply bent ; cross-section triangular , 
elliptical or lenticular; one side often flattened , 
and the other arched or with a blunt median heel. 

Surface smooth or with fine transverse striae , rarely 
longitudinally striated or ribbed. Aperture com- 
pletely closed by an operculum , the latter being 
semicircular , triangular or lentiform , with lateral Fig. 1072. 

nucleus , and concentrically striated; pteropodia , a, b, Hyohthes eleyans Ban. Oidovician; 

with a chitinous support to the anterior edge. ducedL 

Cambrian to Permian. (Btage C); Mlesclutz, Bohemia. Anterior 

portion restored, with operculum, and viewed 
According to Holm the typical genus, Slde - Va* A Operculum (after Bar- 

Hyolithes Eichwald (Theca Sowb. ; Pugiunculus 

Barr.) (Fig. 1072), is divisible into two subgenera. One of these, Orthotheca Novdk, 
contains forms with an abruptly truncated anterior end ; and in the other, Hyolithes 
s. str., the margin of the flattened side projects somewhat above the opposite walL 
A bo The forms known as Gleidotheca, Gentrotheca Salter, 

Gamerotheca , Diplotheca Matthew, Pharetrella Hall, 

Geratotheca and Badroiheca Novdk, fall within the 
synonymy of Hyolithes. This genus is abundantly 
distributed in the Cambrian, Ordovician and Silurian 
of North America, Great Britain, Sweden, Russia and 
Bohemia ; it occurs sparingly also in the Devonian, 
Carboniferous and Permian. 

Pterotheca Salter ; Phragmotheca Barrande. Silu- 
rian ; Europe. Matthewia Walcott. Cambrian. 


J, TcntncnlUes scalarh 
Schloth. Erratic block of 
Ordovician age; Berlin. Ji, 
T. oi'natiw Sowb. Silurian ; 
Dudley, England. (7, T. 
a cuantcs Richt. Silurian con- 
cretion ; Thuringia. A 
smaller individual contained 
within the larger (after 
Nov&k). 


Suborder D. CONULARIIDA Miller and Gurley. 

Paleozoic forms of doubtful systematic position , 
resembling some Recent Pteropoda , but probably to be 
regarded as a parallel rather than as an identical 
group. 


Family 1 . Tentaeulitidae Walcott. 

Thick - walled , tapering , elongate , conical tubes , 
having a circular cross-section , and terminating posteriorly either acutely or in an 
embryonal bulb . Surface ornamented with parallel raised transverse rings . The apical 
portion of the shell often filled with calcareous matter , or divided of by transverse septa. 
Ordovician to Devonian. 
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Tentaculites Schloth. (Fig. 1073). This, the solitary genus, is prodigiously 
abundant in the Silurian and Devonian, the strata being sometimes fairly charged 
with their remains. The shell is composed of a compact outer layer, and an inner 
layer made up of thin lamellae running parallel with the external surface. 
The supposed Tentaculites described from the Oligocene by Ludwig and Blankenhorn 
are thin-shelled, transversely ribbed, conical tubes, which probably belong in the 
neighbourhood of Styliola or Euchilotheca . 

Family 2. Torellellidae Holm. 

Thick - walled , smooth , transversely or longitudinally striated , straight or bent tubes , 
acutely terminated posteriorly , and without opercula . Cambrian to Silurian. 

Torellella Holm. Tubes strongly compressed, flattened at both ends, elliptical in 
cross-section, and with fine transverse striae ; composed of brownish-coloured calcium 
phosphate. Cambrian to Silurian ; Sweden. 

Hyolithellus and Salter ella Billings ; Goleolus Hall ; and Goleoloides Walcott, from 
the Lower Cambrian of North America, probably also belong here. 


Family 3. Conulariidae Walcott. 

Shell rectilinear , elongate- conical, rectangular to rhombic in cross-section, with 
usually sharp edges, acute or truncated posteriorly . Each of the transversely striated or 
ribbed lateral faces divided into longitudinal halves by a superficial groove, corresponding 
internally to a median ridge. Posterior portion of the shell divided off by septa. 

Aperture constricted by four triangular or linguiform incurved 
lobes of the anterior margin. Ordovician to Jura. 

Gonularia Mill (Figs. 1074, 1075). This, the solitary 
genus, sometimes attains a length of 20 cm., and is represented 
by about 100 species. Its maximum distribution occurs in the 
Ordovician and Silurian of Bohemia, Normandy, England, 
Sweden and North America, and in the Devonian of North 
America and Bolivia. It is rare in the Carboniferous and 
Permian, and the last surviving species occurs 
in the Trias and Lias. 




Pig. 1075. 


Order 2. PULMONATA Cuvier. 
Air-breathing Snails . 1 * * 

Euthyneura in which the gill cavity is 
transformed into a lung for breathing free 
air. Mainly terrestrial or fresh-water forms. 

A few Pulmonates have reverted to ex- 
clusively aquatic habits, and have .the. lung 
riauicata ' a Sowb* filled water J an d in a few, secondary 
upper Carboniferous gills are developed in the cavity. These, 
Scotland! 6 ’ Shoeing however, are rare exceptions. The great 
well-preserved aper- majority of forms breathe air by means of a 
Etheridge?™ r network of blood - vessels spread upon the 
inner surface of the lung. The ordinary 
aquatic forms come to the surface of the water at intervals to renew their supply of 

1 Sandberger, F., Land- und Siisswasser-Conchylien der Vorwelt. 1870-75. — White O. A., 

Review of American non-marine Mollnaca. 3rd Ann. Rep. U.S. Geol. Surv., 1881-82. — Tryon, 

G. W. and Pilsbry , H. A., Manual of Conchology, PvMomta, 


Pig. 1074. 

Gonularia angmala Barr. 
Ordovician (Etage D) ; 
Drsbov, Bohemia. 
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air. The Pulmonates have, with few exceptions, no operculum, and the shell is often 
vestigial or absent. 

Next to the Prosobranchs the Pulmonates are the largest group of Gastropods, 
there being upwards of 6000 living and 700 fossil species known. The most 
important and highly diversified genera (Helix, Bulimus , Glausilia) are terrestrial in 
habit ; certain others (. Planorbis , Lymnaea , Physa) are confined to fresh water. The 
oldest Pulmonates are of rare occurrence in the Devonian and Carboniferous ; they 
are found sparingly in the Jura and Cretaceous, are of greater abundance in the 
Tertiary, but do not attain their maximum distribution until the present geological 
period. 

The Thalassophila and Auriculidae are restricted to marine deposits ; the re- 
maining Pulmonates are rarely found except in fresh -water strata, and are commonly 
associated with other organisms that have been swept by rainfall or running water 
into swamps or estuaries. 


Fra. 1077. 

Hercynella boJiemica Barr. Devonian 
(Etage F) ; Loehkow, Bhemia. 


Suborder A. THALASSOPHILA Gray. 

Shell either spiral and operculate , or bowl-shaped to depressed conical , without spire , 
and somewhat unsymmetrical. Animal usually provided with a single gill in addition 
to the lung cavity . Tentacles fused with the discoidal head. Eyes sessile. 

The Thalassophila inhabit the littoral zone of the ocean and brackish estuaries. 
Fossil remains occur from 
the Devonian onward. 

'Three families are recog- 
nised — Siphonariidae , Gadi- 
niidae and Amphibolidae , 
but these are not readily 
distinguishable by shell 
characters alone. 

Siphonaria Blainville 
(Fig. 1076). Shell usually 
radially ribbed. Apex Fro. io7i>. Fra. 1077. 

directed backwards Or to- Siphonaria crassicoslata Desh. Hercynella bohemica Barr. Devonian 

7 ^ ^ c*. -a * * Eocene ; Anvers, near Paris. (Etage F) ; Loehkow, Bhemia. 

ward the left side; inter- 
nally with two unequal muscular impressions, which are interrupted on the right 
side in front by a broad, groove. Tertiary and Recent 

Hercynella Kayser (Fig. 1077). Devonian. Anisomyon Meek and Hayden. Jura 
and Cretaceous. 

Valendennesia Rousseau Shell very thin, broadly bowl-shaped, concentrically 
ribbed. Apex situated near the posterior margin. Right side bearing a broad 
plication for the respiratory tube. Found in brackish water, Congerian Stage (Pliocene) 
of Hungary, Roumania and South Russia. 

Williamia Monts. ; Gadinia Gray. Recent and Pliocene. 

Amphibola Schum. Shell spirally globose, thick, rugose and operculate. Recent. 
This is placed in a separate family, the Amphibolidae . 

Suborder B. BASOMMATOPHORA A. Schmidt. 

Shell invariably present. Eyes situated at the base of a pair of tentacles. Aquatic , 
or living in the vicinity of water . 

Family 1. Auriculidae Blainville. 

Shell thick , ovate. Spire short , body whorl very large. Inner lip or columella bear- 
ing plications. Shore forms or inhabitants of salt marshes. Jura to Recent 


Auricula Lam. (Fig. 1078). Elongate-oval, with epidermis. Aperture narrow, 
ounded anteriorly. Inner lip bearing two or three folds ; outer lip thickened, some- 
imes denticulated. Jura to Recent. 

Gccssidula F4r. ; Plecotrema Adams ; Alexia Leach (Fig. 1079); Pythiopsis Sandb, 
Fig. 1080) ; Melampus Montf. 

Garychium Muller (Fig. 1081). Shell small, smooth and glossy. Inner lip 



Fiu. 1078. 


Auricula dutm^n 
Deshayes. Lower 
Eocene ; Samceux 
(after Deshayes). 



Fiu. 1070. 

Alexuc pisdlina Desh. 
Pliocene; Pontlevoy, 
Tourarae. -f\. 



Fio. 1080. 

Pythiopsis la- 
marcki (Desh.) 
Eocene ; Houdan 
(after Deshayes). 


4 

Fiu. 1081. 

Caryrhum antiquum 
A. Biaun. Miocene ; 
Hoeliheim, near May- 
once Enlarged 


rearing one or two folds ; outer margin thickened, sometimes with a tooth. 
Recent Terrestrial. 


Jura to 


cjllu. xciicoujiai. 

Scarab us Montf. (Polyodonta Fischer von Waldh.); Leuconia Gray; Blauneria 
Shuttleworth, etc. Tertiary and Recent. 

Family 2. Ohilinidae Dali. 

Shell oral, auriculate , with large aperture, the colmiellar margin 
provided with spiral folds ; surface coloured in various patterns. 
Tertiary and Recent 

Chilina Gray. This is said to be Streptoneurous. The 
dentition resembles that of Physa. Miocene and Recent ; South 
America. 

Family 3. Physidae Dali. 

Shell sinistral , oval, glossy , unicoloured. Aperture large; colu- 
mella twisted or simple. Jura to Recent 
Fig. 1082 . Physa Drap. (Fig. 1082). Shell brilliantly polished, thin, 

Physa gigantea sinistral Upper Jura to Recent 
Michaud. Lower 
Billy, near 



Rheims. 


Family 4. Lymnaeidae 
Refers tein. 



Fio. 108 a 

Lyrrnuua pachygattrr 
Thom. Fresh- water 
Miocene ; Morsmgen, 
near Ulm. 



turreted, or die - 
:oidal. Fresh-water inhabitants. 

Lias to Recent ; especially abun- 
iant in the Tertiary. 

Lymnaea Lam. (Limnaeus 
met) (Fig. 1083). Shell very 
thin and corneous. Body whorl 
very large; spire acute, and 
moderately high. Aperture wide, oval ; outer margin sharp. Upper Jura (Purbeck) 
bo Recent ; maximum in Tertiary. 

Planorbis Guettard (Figs. 1084, 1085). Discoidal (exceptionally tjirreted), with 


[Fio. )L084. , 

Planorbis cornu Brongt var mcintdli 
D anker. Upper Miocene; Mundmgen, 
Wurtemberg. 
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many whorls. Aperture oval to crescent-shaped ; outer margin sharp. Lias to 
Recent ; very profuse in the Tertiary. P. multiformis (Bronn), from the Middle 


A £ C D 



Fig. 10S5. 

Planorhb* multiformis (Bronn) Upper Miocene fresh-water limestone; Stemheim, near Heidenheim, 
Wurtemberg. A, var supremo. B, var. troclufomu. C, var. elegants. D, var. steniheimensh . 

Miocene of Steinheim in Wurtemberg, is particularly interesting on account of its 
extraordinary variability. The different mutations of the species are usually found 
at different horizons of the fresh-water limestone occurring there, and constitute, 
according to Hilgendorf and Hyatt, a remarkable genealogical sequence. 

Isidora Ehr. Shell similar to that of Physa. Recent ; tropical countries. 


Family 5. Ancylidae Dali. 

Shell limpet-shaped^ conical , not spiral , or with the apex recurved. Tertiary and 
Recent. 

Ancylus Geoffrey (Fig. 1086). Shell simply conical or with the apex slightly 
incurved. Tertiary and Recent. 

Gundlachia Pfeiff. A partial septum is developed at the end of 
the first season's growth. Tertiary of Mayence Basin and Recent. 

Suborder C. TELETREMATA Pilsbry. 

Shell absent; mantle covering the whole upper surface of the body. 

Male and female orifices 'widely separated ; lung orifice and anus 
ventral and near the tail. 

Several families of this suborder are recognised ( Vaginulidae , sier ’ Boursault * 
Rathouisiidae, Onchidiidae ), but owing to the absence of a shell, their remains are 
not preservable in the fossil state 



© 


Fig. 1080. 

Anvylus ilutnnplci 
Desh. CalcaireGros- 


Suborder D. STYLOMMATOPHORA A. Schmidt. Land Snails. 

Eyes borne on the extremities of two peduncles , which are capable of invagination ; 
a pair of short tentacles , rarely obsolete , are placed in front of them. Male and female 
genital orifices contiguous , or uniting in a common vestibule , situated at the right or 
left side of the head. Buccal retractors present ; lung foramen and anus anterior to the 
end of the foot , not ventral. 

This suborder comprises most recent and all fossil land snails, and is divisible 
into series or superfamily groups. The families proper are based almost wholly upon 
characters of the soft anatomy, which are herein largely omitted or abridged. 

Superfamily 1. HOLOPODA Pilsbry. 

No longitudinal grooves above the margins of the foot ; jaw present , teeth quadrate. 

Family 1 . Helicidae Keferstein. Helices. 

Shell depressed , globose or oval and elevated. Tertiary and Recent. 

This comprises an enormous assemblage in the Recent fauna, but most of the generj 
have not as yet been found fossil. All the typical forms will probably in time b 
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traced back to the Eocene. Subfamily and generic characters are based largely upon 
the genital system, and hence are of little practical importance to the paleontologist. 

Polygyra Say. Globose or depressed, with the lip reflected, often toothed. 
Oligocene to Becent ; North America, . * 

Sagda Beck. Glossy, with many close whorls, the last usually with internal 

laminae and a sharp lip. Oligocene to 
- B Becent ; Antilles. 

c Pleurodonta Eischer von Wald. 

_ Solid, large, depressed and generally 
keeled ; aperture often toothed. Oligo- 
cene to Becent ; Antilles, Florida. . 

Fig 1087 Helix Linn. (Fig. 1087, A, B). 

A, JUm (DunorpkoptyAta) amouldi Michaud. Lower Shell semi-glohose, conical to discoidal, 
Eocene ; Eilly, near Rheims. B, Helix (Campylaea) inftexa manifesting great variability 01 form. 

Klein. Upper Miocene ; Morsmgen. C, Hclicodonta osculum A ^ nhlirmp rrpsrptttir* or rrmn^Arl 
Thom. Lower Miocene ; Hochheim, near Wiesbaden. Aperture ODiique, crescentic or lounded, 

with disconnected margins. Very pro- 
fuse in the Tertiary and Becent of Europe and adjacent regions of Asia and Africa. 

Helicodonta F£r. (Fig. 1087, G). Similar to Helix , but with thickened or 
denticulated lip. Oligocene to Becent ; Europe. A 

Other allied genera occur in European Tertiary deposits. 

Becent Helicidae reproducing by extraordinarily large eggs are 
the following : Helicophanta of Madagascar, Acavus of Ceylon, 

Pcmda of Australia, and Strophocheilus of South America. 


Family 2. Bulimulidae Fischer. 

Shell elongated , ovate, with narrow umbilicus or none . 


tiary and Becent. 

Bulimulus L§ach. Oligocene to Becent ; America. 
dromus Alb. Tertiary ; Europe and Asia. 


Amphi- 


Fio. 1088. 

-r o ^ Aru aT , 0 M, Claus ilia lulimoides 

Family 3. Fupiaae Albers. A. Braun. Lower Miocene; 

Eckmgen, near Ulm. B, C. 

Shell small , cylindrical or oval, with narrow whorls . Tertiary Scliubler. Same 

and Recent ; also in the Carboniferous. 

Clausilia Drap. (Fig. 1088). Shell turreted to fusiform, slender, sinistral. 
Aperture pyriform, with usually continuous peristome. Inner lip bearing two folds ; 
a outer margin somewhat reflected ; the aper- 

* ture usually closed by a movable calcareous 

ggL ' plate. Occurs sparingly fossil from the 

i;im JL M- -\ Eocene onward, and represented by about 

| fl | j 400 Becent species. 

t|H mm WmjaL Pupa Lam. (Fig. 1089, B). Shell small, 

cylindrical- ovate. Aperture semicircular, 
^ 10S9< usually constricted by teeth on the colu- 

A, Bendrupupa vetusta - 10M me lla and inner and outer lips. The outer 

itewson. CoaL Measures; ' * margin reflected. Tertiary and Recent. 

B, Pupa diversidens Sandb. ccmplcmatus Reuss. Dendropupa Dawson (Fig. 1089, A). 
sfeg nS4n,Gara(alter Like tke last > but aperture without teeth. 

• Upper Carboniferous ; Nova Scotia. 

Vertigo Muller. Tertiary and Recent. 

BuUminus Ehrb. (Fig. 1090). High conical, solid, turreted. Eocene to Becent 


A, Bendrupupa vetusta 
Dawson. Coal Measures ; 
Nova Scotia (after Dawson). 
B, Pupa diversidens Sandb. 
Miocene; Sansan, Gers (after 
Sandberger). 


Fig. 1090. 

'Bidiminus ( Petraeus ) 
compkmaius Reuss. 
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Family 4. Ackatinidae Pilsbry. 


Ovate or elongate , imperforate shells , with the columella generally truncated at the 
base . Upper Cretaceous to Recent. 


Achatina Lam. Recent ; tropical Africa. 

Stenogyra Shuttlew. ; Rumina Risso ; Opeas Alb. ; Rhodea 
Adams. These are all small members of the group, mainly Recent. 

Megaspira Lea (Fig. 1091). Turreted, slender, very long; 
columella with transverse folds. Upper Cretaceous to Recent. 

Gochlicopa Fer. ; Azeca Leach ; Gaedlianella Bourg., etc. 
Tertiary and Recent. 



Superfamily 2. AG-NATHA Merck 

„ .. (Midi.). Lower 

Carnivorous snails , usually with no jaw, thorn-shaped teeth , and Eocene; Killy, near 
without furrows above the foot edges. Kheims. 



Fiu. 1092. 

Tesfacdla solid Klein. 
Miocene; Andelftngen 
(after Sandberger). 


Family 1. Testacellidae Gray. 

Shell spiral , of very small sine, and situated near the tail of the 
vermiform animal. Tertiary and Recent. 

Testacella Cuvier (Fig. 1092). Shell auri- 
form, borne on the posterior end of the animal. 

Tertiary and Recent. 

Parmacellina Sandberger. Eocene. Daude- 
hardia Hartm. {Helicophanta Fer. p.p.). 

Quaternary and Recent. 


Family 2. G-landinidae Albers. 

Shell oval or oblong , capable of containing the entire animal . 
Cretaceous to Recent. 

Glandina Schum. (Fig. 1093). Shell elongate-oval, with high 
spire. Aperture notched in front; columella truncated. Upper 
Cretaceous to Recent. Other Recent allied genera inhabit the 
American tropics. 



Fia. 1093. 

Glandina inflata 
Reuss. Miocene; 
Riclielberg, near Ulm. 


Superfamily 3. AULACOPODA Pilsbry. 

Foot with longitudinal grooves above and parallel with its lateral margins. 

Family 1. Zonitidae Pfeiffer. 

Aulacopoda with a spiral , conical or helicoid shell , sometimes partially uncoiled 9 
usually smooth and with simple lip ; marginal teeth of the radula thorn-like ; foot 
margin wide ; jaw rather smooth. Carboniferous (1) to Recent. 

Vitrina Drap. Shell small, translucent, with short spire, and very large body 
whorl. Tertiary and Recent. 

Archaeozonites Sandb. (Fig. 1094). Thick-shelled, globose, with rather high spire, 
deeply umbilicate ; outer margin sharp. Oligocene and Miocene. Here also should 
he placed, perhaps, the archaic Helix- shaped snails from the Coal Measures of Nova 
Scotia. 
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Zonites Montf. Like the last, but with thinner shell, granulated above, and 
smooth below. Tertiary and Recent. 



Fig. 1094. Fig. 1095. Fig. 1096. 


Arcliacozonites siibverticillus Hyalinia denndata LyrJmua matheroni Requien. 

Sandb. Lower Miocene; (Reuss). Miocene; Upper Cretaceous (Garumman); 

Eckmgen, near Ulm. Tuchontz, Bohemia. Rognac, Provence. 

Hyalinia Fdr. (Fig. 1095) ; Omphalosagda Sandb. ; Ariophanta Desm. ; Trocho- 
morpha Albers. Tertiary and Recent. 

Lychnus Montf. (Fig. 1096). Body whorl large, bent upward at first, and later 
decurved, so that the margins of the aperture lie in the ' basal plane. Upper 
Cretaceous of Provence and Spain. 

Family 2. Limacidae Lamarck. 

Naked slugs having a small vestigial shell , flat and non-spiral , concealed within the 
mantle , which latter forms a small oval shield on the forepart of the body. Foot margin 
narrow ; dentition and jaw as in the Zonitidae. Tertiary and Recent. 

The principal genera are Limax Linn., in which the intestine has four longi- 
tudinal folds, and the back is keeled at the tail only ; and Amalia Moq.-Tand., with 
spiral gut and strongly keeled back. Their small scale-like shells have been found 
in the Tertiary and Pleistocene ; present distribution nearly world- wide. 

Family 3. Endodontidae Pilsbry. 

Shell spiral and external , varying from cylindric to helicoid and planorboid , usually 
rib-sculptured and with opaque colouring; lip thin , unexpanded. Jaw of separate or 
united imbricating plates , or solid and striated; marginal teeth squarish; genitalia 
without accessory organs. Carboniferous to Recent. 

Punctinae. Jaw of numerous separate plates ; shell minute. Includes the 
Holarctic genera Punctum Morse and Sphyradium Charp., also the New Zealand 
genus Laoma Gray. Recent. 

Endodontinae. Jaw-plates united more or less completely. Genera : Pyramidula 
Fitz. Discoidal or low conical, with tubular ribbed whorls and open umbilicus. 
Carboniferous to Recent. This is one of the most ancient land Mollusks known, and 
is the oldest Helicoid form. Phasis , Amphidoxa , Flammulina and Endodonta Alb. 
are similar austral forms, but are only known Recent 

Family 4. Arionidae Gray. 

Slugs having the shell reduced to a flat plate or a few granules , nearly or entirely 
concealed , or absent . Mantle in the form of a shield on anterior part of the body ; teeth 
of the quadrate type. Recent. 

This family is probably derived from the Endodontidae by degeneration of the 
shelL Arion F6r., and Anadenus Heyn. are leading genera of Europe and Asia; 
ArioHmax Morch, and Prophysaon Bland occur abundantly in North America. 
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Family 5. Philomycidae Gray. 

Slugs somewhat similar to Arionidae , but the mantle covers the entire upper surface 
of the body. A shell is completely absent ; hence no fossil forms are known. 

Superfamily 4. ELASMOGNATHA Morch. 

Jaw with a strong squarish process of attachment above. 

Family 1. Succineidae Albers. 

Shell thin , ovate , consisting of few whorls. 

Succinca Pfeiffer (Fig. 1097). Shell thin, ovate, amber-coloured, s ^ower^Mio 1 
translucent, with short spire and large body whorL Outer margin eene ; ’ Tuchoritzj 
of aperture sharp. Tertiary and Recent ; abundant in the Loess. Bohemia. 

Range and Distribution of the Gastropoda. 

Of all classes of Mollusks, the Gastropods exhibit the most manifold 
variety. Beginning in the Cambrian, they acquire a very gradual increase 
and distribution, and are at present enjoying their maximum vigour. There 
exist probably over 20,000 Recent species, about three-fifths of which have 
gills, the remainder being air-breathers. 

At the base of the Cambrian (Olenellus zone) are found such archaic 
genera as Scenella , Stenotheca , Platyceras , Bhaphistoma , Pleurotomaria ; a number 
of Pteropods with some doubtful forms (. Hyolithes , Hyolithellus, Salterella , Torel- 
lella, etc.), which evince the great antiquity of the Aspidobranchs ; and forms 
resembling the Capulidae. In the later Cambrian the Rhipidoglossa (represented 
by the Pleurotomariidae, Euomphalidae and Better ophontidae) predominate ; and 
associated with these are certain Pteropod remains, members of the Capulidae , 
and a few genera probably referable to the Turbinidae. A notable genus 
occurring here is Subulites , which bears some resemblance to the Pyramiddlidae , 
and exhibits a distinct channelling at the base of the columella. 

Unfortunately the poorly preserved remains of Cambrian Gastropods afford 
but scanty information regarding the disposition of the soft parts ; neverthe- 
less there are good, although purely theoretical reasons for supposing that 
the Rhipidoglossa and Ctenobranchs were formerly not so widely separated as 
at present. 

During the Ordovician and Silurian, Gastropods increased perceptibly in 
the number of species, and a few new families were initiated (Epitoniidae, 
Pwpwinidae , Trochidae, Xenophoridae) ; but the faunal aspect remained on 
the whole much the same as in the Cambrian, and no essential changes were 
introduced during the remainder of the Paleozoic. Accordingly, the Paleo- 
zoic Gastropod fauna may be said to be characterised by its general simplicity, 
being made up principally of Pteropods, Rhipidoglossa, a few Docoglossa 
and Opisthobranchs, and also a scattering representation of Ctenobranchs 
(i Capulidae , Pyramidellidae , IAttorinidae ). 

During^he Jura-Trias, the large, thick-shelled varieties of Pteropod-like 
Mollusks became extinct. But, on the other hand, various families of the 
Rhipidoglossa reached the acme of their development {Pleurotomariidae, Tur- 
binidae , Neritopsidae, Neritidae) ; and among the Ctenobranchs, the families 



Fig. 1007. 
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TABLE SHOWING- THE VERTICAL RANGE OF THE GASTROPODA. 


1. Streptoneura 

Oedee 1. Aspidobeanchia 

A. Docoglossa . 

B. BMpidoglossa 

1. Haliotidae 

2. Pleurotomariidae . 

3. Fissurellidae . 

4. Euompbalidae 

5. Rapbistomidae 

6. Stomatiidae . 

7. Turbinidae . 

8. Phasianellidae 

9. Delpbinulidae 

10. Trochonematidae . 

11. Trocbidae 

12. Umboniidae . 

13. Neritopsidae . 

14. Neritidae 

Oedee 2. Ctenobeanchia 

A. Seteropoda . 

B. Blatypoda 

1. Eulimidae 

2. Pyramidellidae 

3. Epitoniidae . 

4. Solariidae 

5. Pnrpurinidae . 

6. Littorinidae . 

7. Cyclostomidae 

8. Capulidae 

9. Naticidae 

10. Xenophoridae 

11. Ampullariidae 

12. Yalvatidae 

13. Yiviparidae . 

14. Hydrobiidae . 

15. Rissoidae 

16. Turritellidae . 

17. Yermiculariidae 

18. Caecidae 

19. Melaniidae 

20. Nerineidae 

21. Cerithiidae . 

22. Aporrbaidae . 

23. Strombidae . 

24. Columbellariidae . 






25. Cypraeidae . 

26. Ovulidae 

27. Cassididae 

28. Doliidae 

29. Nyctilochidae 

30. Columbellidae 

31. Buccinidae 

32. Murieidae 

33. Thaisidae 

34. Fusidae . 

35. Yasidae . 

36. Volutidae 

37. Harpidae 

38. Olividae 

39. Cancellariidae 

40. Terebridae 

41. Turritidae 

42. Conidae . 

2. Euthyneura 
Obdeb 1. Opisthobranchia 
j B. TedibrancJiiata 

1. Acteonidae . 

2. Riugiculidae . 

3. Akeratidae . 

4. Hydatinidae . 

5. Bullariidae . 

6. Acteocinidae . 

7. Scaphandridae 

8. Philinidae 

9. TJmbraculidae 

0. Pteropoda 

1. Limacinidae . 

2. Cavoliniidao . 

3. Hyolithidae . 

D, Gonulariida 

1. Tontaculitidae 

2. Torellellidae . 

3. Conulariidae . 

ORDER 2. PULMONATA 

A. Thalassophila . 

B. Basommatophora 

1. Auriculidae . 

2. Chilinidae 

3. Physidae 

4. Lymnaeidae . 

5. Ancylidae 
Q. TeletreTYiata 

D* Stylommatophora 



Ctetaceons. 
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Pyramidellidae Nerineidae , Purpurinidae , Turritellidae and Aporrhaidae multi- 
plied in a great variety of forms. 

The Cretaceous witnessed a decided increase among the siphonostomous 
Ctenobranchs, and in the Tertiary this branch asserted itself as the dominant 
type of Gastropods, surpassing all other families in point of numbers, and 
gradually acquiring the aspect of living genera and species. The Nerineidae , 
Pyramidellidae and Aporrhaidae , which played such a prominent role along 
with the Rhipidiglossa during the Mesozoic era, became in part extinct in the 
Tertiary, and the remainder entered upon their decline. The great majority 
of Eocene and Oligocene genera are still living, but the species have with 
very few exceptions become extinct. During the Miocene, more species made 
their appearance which are still in existence, and of the Pliocene species, 
between 80 and 90 per cent are represented in the Recent fauna. 

The geological history of the Pulmonata is remarkable. Thalassophilous 
Siphonanidae are first met with in the Devonian, where they are very sparse. 
Land snails (. Archaeozonites , Pyramidula , Dendropupa) were initiated in still 
smaller numbers during the Carboniferous; but not until the boundary between 
the Jura and Cretaceous is reached do we find any traces of fresh-water snails. 
We meet them first in the Purbeck. In the Wealden, and Cretaceous gener- 
ally, both land and fresh-water Gastropods are quite abundant ; they became 
highly developed and widely distributed during the Tertiary, attaining, in fact, 
a differentiation nearly equal to that exhibited by the corresponding Recent 
forms. 

The successive approximations to present conditions among Gastropod 
faunas have not been confined to the production of forms simulating more and 
more those now living ; they include also the gradual demarcation of existing 
geographical provinces. Mesozoic Gastropods are too dissimilar in their 
general characters to admit of a close comparison with modern faunas ; but as 
early as the Eocene resemblances to modern forms are observable, and a certain 
correspondence is to be noted with Gastropods now inhabiting somewhat 
warmer zones. 

The Eocene faunas of Europe, North America, Asia and Northern Africa 
share a great many genera in common, and have numerous others which are 
vicarious. A very different aspect is presented by the Eocene fauna of 
Australia, New Zealand and South America, where we find the evident fore- 
runners of forms now inhabiting the southern portions of the Atlantic and 
Pacific Oceans. 

Still more intimate is the relationship existing between the fossil land and 
fresh-water Gastropods and their descendants on the several continents. It 
has been observed that Miocene faunas bear a decidedly tropical stamp. On 
this account European and American forms from the inland Miocene deposits 
bear some resemblance to the Recent faunas of the Azores and the West 
Indies, as well as to the land and fresh-water Gastropods inhabiting the colder 
latitudes of Europe and Asia. Only as recently as the Pliocene did each 
geographical province come to assume its present distinctive features. 

In general, the stratigraphic sequence of Gastropod groups corresponds 
closely with the zoological order, the most generalised forms appearing first, 
the more specialised later. Beginning with the two-gilled Rhipidoglossa and 
the Docoglossa, followed by the single-gilled Rhipidoglossa, Opisthobranchs and 
taenioglossate Ctenobranchs, the series leads to the Rachiglossa in later Mesozoic, 
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and culminates in the great increase of rachiglossate and toxoglossate families 
in Tertiary and Recent times. (See tables, pp. 580, 581.) 

[The text for the preceding chapter on Gastropoda was revised for the first edition of 
this work by Professor Henry A. Pilshry, of the Philadelphia Academy of Natural Sciences, 
and is reprinted here with some slight changes at the hands of Drs. W. H. Dali and 
R. S. Bassler. — Editor.] 


Class 5. CEPHALOPODA. 1 

Head sharply defined in Recent forms , except Nautilus. Foot transformed into a 

1 Literature : Angelin , N. P., Fragmenta Silunca, edited by G. Lindstrom. Stockholm, 1880. 
— Anthula, J. , J Uber die Rreidefossilien des Kaukasus. Beitr. Pal. Osterreich - Ungaras, etc., 
1899-1900, vol. xii. — Arthdber , G. von, Die Cephalopodenfauna der Reiflinger Kalke. Beitr. 
Palaont. Geol. Osterreich - Ungarns, etc., 1896, vol. x. — Idem, Das Jungere Palaozoicum aus der 
Araxes-Enge bei Djulfa. Beitr. Pal. Geol. Osterreich- U ngams, 1900, vol. xii. — Idem , Die Trias 
von Albanien. Ibid., 1911, vol. xxiv — Bar ramie, J., Systeme Silurien de la Boheme, vol. ii., Cepha- 
lopodes. Prague, 1867-77. — Bayle, E., and Zeiller, R., Exphcation de la carte geologique de France, 
vol. iv., Atlas. Paris, 1878. — Beecher, G. E. On the De\ elopment of the Shell in Tomoceras. 
Amer. Journ. Sci. [3], vol. xl., 1890. — Benecke , E. IP., Lebensweise des Ammoniten. Abhandl. 
Spezialkarte von Elsass-Lothringen, N.F., 1905, Heft vi. — Billings, E., Palaeozoic Fossils. Geol. 
Surv. Canada, 1865. — Blake, J. F., Monograph of the British Fossil Cephalopoda, pt. i. London, 
1882. — Bohm, (?., Beitrage zur Geologie von Niederlandisch - Indien. Palaeontogr., 1904-7, 
Supplem. vol. iv. — Bonarelli/G., Osservazioni sul Toarciano d’ Aleniano. Boll. Soc. Geol. Italiana, 
vol. xii., 1893. — Boule, M., Lemoine P , and Thevenvn, A., Cephalopodes cretaces des environs de 
Diego-Suarez. Ann. de Paleontol., 1906-7, vol. i. — Branco , W ., Beitrage zur Entwickelungsge- 
schichte der fossilen Cephalopoden. Palaeontogr., Bd. xxvi., xxvii., 1880-81. — Brown, A. P., On 
the Young of Baculites compressus. Proc. Acad. Nat. Sci. Philad., 1891-92. — Buck, L. von, 
tjber Goniatiten, Clymemen, Ceratiten, etc. Abhandl. Berlin. Akad. 1830, 1838, 1848. — Buckman, 
S. S., Monograph of the Inferior Oolite Ammonites. Palaeont. Soc., 1887-1900. — Burckhardt, C., 
Beitr. zur Kennt. Jura und Kreideformation der Kordilleren. Palaeontogr., 1903, vol. 1. — Idem, 
La Faune jurassique de Mazapil. Boletin de l’lnst. geol. de Mexique. No. 23, 1906. 

Canavari, M., Sui fossili del Lias inferiore nell* Appenino centrale. Atti Soc. Toscano, vol. iv., 
1879. — La Fauna degli strati con Aspidoceras acanthicum di Monte Serra. Palaeont. Italica, vol. ii., 
1897. — Ghoffat, P., Recueil d’ etudes paleontologiques sur la faune cretacique du Portugal. Travaux 
geol. du Portugal, 1886-1902. — DacquG, E., Beitrage zur Geol. des Somalilandes II. Ob. Jura. 
Beitr. Pal. Geol. Osterreicli-Ungarns, etc., 1905, vol. xvii. Dogger und Malm aus Ostafrika. Ibid., 
1910, vol. xxiii. — Clarke, J. M., The Protoconch of Orthoceras. Amer. Geol., vol. xii., 1893. — Nanno, 
a new Cephalopodan type. Ibid, xiv., 1894. — The Lower Silurian Cephalopoda of Minnesota. 
Geol. Minn., vol. iii. pt. ii., Palaeont., 1897. — Conrad, T. A., Observations on the Silurian and 
Devonian Systems, etc. Joum. Acad. Nat. Sci Philad., vol. viii., 1839-42. — Observations on 
Recent and Fossil Shells. Amer. Joum. Conch., vol. ii., 1866. — Deslongchaonps, E., Memoir e sur 
les Teudopsides. Mem. Soc. Linn. Normandie, vol. v., 1835. — Dimer, C., Triadische Cephalopoden- 
faunen der ostsibirischen Kustenprovinz. Mem. Com. Geol. St Pltersb., voL xiv. No. 3, 1895. 
— Diener, C., Palaeont. Indiea, Himalayan Fossils. The Cephalopoda of the Muschelkalk, 1895. 
— The Cephalopoda of the Lower Trias, 1897. — The Fauna of the Himalayan Muschelkalk, 1907. 
— Ladinic, Carnic, and Noric Faunae of Spiti, 1908. — Fauna of the Tropites. — Limestone of 
Byans, 1906. — Upper Triassic and Liassic Faunae of the Exotic Blocks of Malla-Johar, etc., 1908. 
— Diener , G., and Krafft, A. v., Palaeontol. Indiea, Lower Triassic Cephalopoda from Spiti, Malla- 
Johar and Byans. Ibid., 1909, vol. vi. — DouvillS, H., Sur quelques fossiles de la zone & Ammonites 
sowerbyi Bull. Soc. Gdol. France [3], vol. xiii., 1884-85. — Sur la classification des C£ratites de 
la Craie. Ibid., 1890, vol. xviii. — itude sur les ammonites oxfordiennes de Villers-sur-mer. 
M6m. Soc. G6ol. France, 1912. — Dwight, W. B., Recent Explorations in the Wappinger Valley 
Limestone. Amer. Joum. Sci. [3], 1884, vol. xxvii. — Fam, F., Die Ammonitiden der unt. Kreide 
Patagoniens. N. Jahrb. f. Min., 1908, Supplem. vol. xxv. 

Foord , A. H., Catalogue of the Fossil Cephalopoda in the British Museum, pt. i., 1888 ; ii., 
1891 ; iii. (Foord and Crick), 1897. — Freeh , F., Lethaea Geognostica, I. Tdl. Lethaea Palaeozoica, 
Bd. ii. Lief. 1. Stuttgart, 1897. — tJber devonische Ammoneen. Beitr. Pal. und Geol. Osterreich- 
Ungams, etc., 1902, vol. xiv. — Neue Cephalopoden aus den Buchensteiner, Wengener, nnd Raibler 
Schichten des siidlichen Bakony. Res. Wiss. Erf. Balatonsees, 1903, vol. i. — Fucini , A., La Fauna 
del Lias medio del Monte Calvi. Palaeont. Italica, vol. ii., 1897. — Ammoniti del Lias medio 
dell’ Appenino centrale. Pal. Ital., 1899, vol. v. — Cephalopodi liassici del Monte di Cetona. Ibid., 
1901, vol. vii. — Qabb, W. M., and Meek, F. B., Geol. Surv. California. Palaeontology, vols. i., ii., 
1864-69. — QmimLlwto , G. 0., La Fauna dei calcari con Fusulina. Palermo, 1887-89. — I Cefalopodi 
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funnel-shaped muscular swimming-organ ; mouth provided with jaws and radula. 


del Trios superiore della regions occidentals della Sicilia. Giorn. Soc. Sci. Nat. Palermo, 1904, 
vol. xxiv. — Qrandjean , F., Le Siplion des Ammonites et des B41emnites. Bull. Soc. Geol. France, 
1910, vol. x. — Griesbacli , C. L., Palaeontological Notes on the Lower Trias of the Himalayas. 
Records Geol. Surv. India, vols. xiii., xiv., 1880-81. — Grossouwe, A., Les Ammonites de la Craie 
supurieure de la France. Explic. Carte Geol. France, 1893 . — G Umbel, C. W., Ueber die baierischen 
Alpen. Verhandl. Geol. Reichsanst. Wien, Bd. xii., 1861-62. — Revision der Gomatiten des 
Fichtelgebirges. Neues Jahrb., 1862. — Ueber Clymemen in den Uebergangsgebilden des -Fichtel- 
gebirges. Palaeontogr., Bd. xi., 1863-64.— Hall, J., Palaeontology of New York, vols. i.-iii., v., 
Albany, 1847-79.— Hauer, F. v., Die Cephalopoden des Salzkammergutes und des Mnschelm armors. 
Wien, 1846. — Neue Cephalopoden von Hallstadt und Aussee. Haidmger’s Wissen. Abhandl., 
vols. i. -iii. , 1847-50. — Beitrage zur Kenntniss der Cephalopodeufauna der Hallstadter Schichten. 
Denkschr. Akad. Wiss. Wien, Bd. ix., 1855. — Nachtrage, Sitzungsber. , Bd. xli., 1860. — Choristo- 
ceras, etc. Ibid. Bd. Iii., 1866. — Die Cephalopoden des bosnischen Muschelkalkes. Denkschr. 
Akad. Wiss. Wien, vols. liv., lix., 1888-92.—#^, E., Beitrage zu emer Monographic der 
Ammoniteii-Gattung Harpoceras. Neues Jahrb. Beilage Bd. in., 1885. — Uber die Polymorphidae, 
etc. Ibid . Bd. ii., 1887 .—Hoernes, R., Zur Ontogenie und Phylogeme der Cephalopoden. Jahrb. 
Geol. Reichsanst., 1903, vol. Ini .—Holm, G., Ueber die innere Organisation eimger silunschei 
Cephalopoden. Palaeont. Abhandl. Bd. m., 1885. — Tvenne Gyroceras-formigt bojda Endoceras- 
Arter. Geol. Foren. Stockholm Forhandl., Bd. xiv. Hefte 2, 3, 1892. — Om de endosifonala 
bildnmgarna hos familien Endoceratidae. Ibid. xvii. Heft 6, 1895. — Om apikalanden hos Endoceras. 
Ibid. vols. xviii., xix., 1896-97. — Holzapfcl, F., Die Cephalopoden-fuhrenden Kalke des unteren 
Carbon. Palaeont. Abhandl. Bd. v. Heft 1, 1889.— Die Cephalopoden des Domanik. Mem. Com. 
Geol. St. Petersbourg, 1899, vol. xii. — Huxley, T . H., Structure of Bclemnites. Mem. Geol. Surv. 
United Kingdom, Monogr. ii., 1864. — Hyatt , A., The Fossil Cephalopoda of the Museum of Com- 
parative Zoology. Bull. M. C. Z., vol. i., 1868. — Remarks on Agassiceras and Oxynoticeras. 
Proc. Boston Soc. Nat. Hist., vol. xvii., 1875. — The Jurassic and Cretaceous Ammonites collected 
in South America. Ibid, xvii., 1875. — Genera of Fossil Cephalopods. Ibid . xxii., 1884. — The 
Genesis of the Arietidae. Smithson. Miscell. Collect., No. 673, and Memoirs M. C. Z., vol. xvi., 
1889. — Carboniferous Cephalopoda. I., 2nd Ann. Rep. Geol. Surv. Texas, 1890 ; II. 4tli Ann. 
Rep., 1892. — Phylogeny of an Acquired Characteristic. Proc. Amer. Philos. Soc. vol. xxxn. No. 
143, 1894. — Remarks on the Genus Nanno. Amer. Geol., vol. xvi., 1895. — Pseudoceratites of the 
Cretaceous. Mon. xliv., U.S. Geol. Survey, 1903. — Hyatt , A . , and Smith , J. P., Triassic Cephalopod 
Genera of America. Prof. Papers, No. xl., U.S. Geol. Survey, 1§§5.—Karakasch, N. J ,, Le CretaciS 
Inferieure de la Crimea et sa faune. Trav. Soc. Iraper. Nat., St. Petersburg, 1907, vol. xxxii. 

Karpinsky, A., Uber die Ammoneen der Aitmsk-Stufe, etc. Mem. Acad. Sci. Imp. St. 
Petersb. [7], vol. xxxvii., No. 2, 1889. — KUian , W., Sur quelques fossiles du Cretace inferieur de 
la Provence. Bull. Soc. Geol. France, vol. xiii., 1888. — Kittl, E., Die Cephalopoden der oberen 
Werfenerschichten von Mud m Dalmatien, etc. Abhandl. Geol. Reichsanst. Wien, 1903, vol. xx. 
— Koenen , A. ?\, Die Ammonitiden des Norddeutschen Neokom. Abhandl. Preuss. Geol. Landesan- 
stalt, 1902, Heft 24. — Koninck , L. G. de, Faune du calcaire carbonifere de la Belgique, pt. ii., 
Cephalopodes. Ann. Mus. Nat. Hist. Bruxelles, vol. v., 1880. — Kossmat , F., Untersuchungen 
liber die sudmdische Kreideformation. Beitr. Osterreich- Ungams und Orients, vol. ix., 1895.— 
Laube, G. G., and Bruder, G., Ammoniten der bohmiscben Kreide. Palaeontogr., Bd. xxxiii., 
1887. — Lindstrmn , G., Ascoceratidae and Lituitidae of tbe Upper Silurian Formation of Gotland. 
K. Svensk. Yetensk. Akad. Handling., Bd. xxiii., 1889. Philos. Trans. 1848, 1850. — Martelli, A., 
Cefalopodi triasiei* di Boljevici (Montenegro). Pah Ital., 1907, vol. x . — Mather on, P., R6clierches 
pal^ontologiques dans le midi de la France. Marseille, 1879-81. — Meek, F. IS., Report on the 
Invertebrate Cretaceous and Tertiary Fossils of the Upper Missouri Country. U.S. Geol. Surv. 
Territ., vol. ix., 1876. — Palaeontology, U.S. Geol. Exploration 40th Parallel Surv., vol. iv. pt. i. 
(with notes on Ammonites by A. Hyatt), 1877. — Meek, F. B., and Hayden , F. V., Palaeontology 
of the Upper Missouri. Smithsonian Contnb. Knowl. vol. xiv., 1865. — Meneghini , G., Monographic 
des fossiles du calcaire rouge ammonitique (Lias sup^rieur) de Lombardie. Pal6ont. Lombardie. 
Milan, 1867-81. — Mojsisovics, E. v., Das Gebirge um Hallstadt. Abhandl. Geol. Reichsanst. 
Wien, Bd. vi., 1873-75, suppl. Heft, 1902; pt. ii., ibid., 1893. — Die Cephalopoden der mediter- 
ranen Triasprovinz. Ibid. Bd. x. } 1882. — Uber einige arktische Trias Ammoniten des nordlichen 
Sibirien. M£m. Acad Imp. Sci. St. Petersb. (7), vol. xxxvi. no. 5, 1888. — Beitrage zur Kenntniss 
der obertriadischeu Cephalopoden-Faunen des Himalaya. Denkschr. Akad. Wiss. Wien, Bd. lxiii., 
1896. — Munster, G. von , Beitrage zur Petrefactenkunde, i.-viii., 1839-46. — Ueber die Clymenien und 
Goniatiten im Uebergangskalk des Fichtelgebirges. Bayreuth, 1843. 

Neumayr, M., Jurastudien. Jahrb. Geol. Reichsanst. Wien, Bd. xxi., 1871.— Die Cephalo- 
poden-Fauna der Oolithe von Balin bei Krakau. Abb. Geol. Reichsanst. Wien, Bd. v., 1871-73. 
— Die Fauna der Schichten mit Aspidoceras acanthicum, etc. Verhandl. Geol. Reichsanst. Wien, 
1874. — Ueber Kreideammoniten. Sitzungsber. Akad. Wiss. Wien, Bd. lxxi., 1875 ; also in Zeitschr. 
Deutsch. GeoL Ges., Bd. xxvii., 1875. — Ueber unvermittelt auftretende Cephalopodentypen im 
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Sexes separate. Sensory organs highly developed. A circle of fleshy arms or ten- 


Jura Mittel-Europa’s. Jahrb. Geol. Reichsanst. Wien, Bd. xxvin., 1873. — Zur Kenntniss tier 
Fauna des untersten Lias in den Nordalpen, Abhandl. Geol. Reichsan&t. Wien, Bd. vii. Heft 5, 
1874-82. — Newmayr, , M., and XJhlig , V., Ueber Ammonitiden aus den Hilsbildungen Nord- 
deutschlands. Palaeontogr., Bd. xxvn., 1881. — Nickl&s, R., Contributions k la paleontologie du 
Sud-Est de l’Espagne. Mem. Soc. Geol. France, No. 4, 1890. — Fikitm , S. 77., Der Jura der 
Umgegend von Elatma. Nouv. Mem. Soc. Imp. Moscou, vols. xiv., xv., 1879-89. — Allgememe 
geologisclie Karte von Russland, Blatt 56. Mem. Com. Geol. St. Petersb., vol. i., No. 2, 18S4. 
— Die Cepbalopodenfauna der Jurabildungen des Gouvernements Kostroma. Terhandl. Russ. 
Mineral. Gesellsch. [2], vol. xx. 1885. — Fuelling , F., Cambriselie und silurische Geschiebe Ost- 
und West - Preussens. Jabrb. preuss. geol. Landesanst. und Bergsakad., 1882. — Beitrag zur 
Kenntniss der Cephalopoden des Provinz Ost-Preussens. Ibid. 1SS3 ; also Zeitschr. Deutsch. Geol. 
Gesellsch., Bd. xxxiv., 1882. — Fauna of Neocomian Belemnite Beds. Palaeont. Indica, Ser. 
xvi., i., pts. 2, 3, 1897. — Untersuehungen uber den Bau der Lobenlinie von Pseudosatjeceras nmlti- 
lobatmn Noetling. Palaeontographica, 1905, vol. li. — Op>pel, A ., Palaeontologische Mittheilungen 
aus dem Museum des baierischen Staates. Stuttgart, 1860-65. — d'Orbiyny, A., Paleontologie 
frail (jaise, teiTain cretace. I. Cephalopodes, 1840 ; Terrain jurassique, Cephalopodes, 1852. 
— Prodrome de Paleontologie Stratigrapluque. Pans, 1850-53. — Parona , O. F., Nuove osser- 
vazioni sopra la fauna con Posidonomya alpina, etc. Palaeontogr. Italica, vol. i., 1896. — Fossili 
albiani d’ Escragnolles, del Nizzardo, etc. Ibid. ii., 1897. — Pctulke , TP., Die Cephalopoden der ob. 
Kreide Sudpatagoniens. Ber. Naturforsch. Gesell. Freiburg, 1905, vol. xv. — PervinquiZre, L. , Etudes 
de paleontologie Tunisicnne, I. Cephalopodes des terrains secondaires. Carte geol. de la Tunisie, 
1907. — Philippi , E., Die Ceratiten des oberen deutschen Musclielkalkes. Pal. Abhandl. N.F., 1901, 
vol. iv. — Phillips, J '., Illustrations of the Geology of Yorkshire, pt. ii. London, 1886. — Figures and 
Descriptions of the Palaeozoic Fossils of Cornwall, Devon, etc. London, 1841. — Pictet , F. J 
and Qampiche, G., Description des fossiles du terrain cretace des environs de Ste. Croix. Geneva, 
1858-72. — Povipecl'j, J. F., Beitrage zu einer Revision der Ammoniten des scliwabischen Jura, Lief. 

1., ii. Stuttgart, 1893-96. — IJber Ammonoideen mit “ anormaler ” Wohnkammer. Jahreshefte 
VaterL Naturk. Wurttemb., 1894. — Ammoniten des Rhat. Neues Jahrb., Bd. ii., 1895. 

Quenstedt, F. A., Ueber die vorzuglichsten Kennzeichuen der Nautileen. Neues Jahrb., 
1840. — Petrefactenkunde Deutschlands, I. Cephalopoden. Tubingen, 1849. — Der Jura. Tubingen, 
1858. — Die Ammoniten des schwabischen Jura, Bd. i.-iii. Stuttgart, 1885-88. — RemeM, A., 
Zur Gattung Palaeonautilus. Zeitschr. Deutsch. Geol. Gesellsch., Bd. xxui., 1881. — Renz, C., 
Die mesozoischen Faunen Griechenlands. I. Die triadischen Faunen der Argolis. Palaeontogr., 
1911, vol. Iviii. — ReynZs, P., Monographic des Ammonites. (Text incomplete), 1879. — Roemer , 
F. v., Lethaea Geognostica. I. Lethaea Palaeontologica. Stuttgart, 1880-83. — Das rheinische 
Uebergangsgebirge. Hannover, 1844. — Rlidemann, R ., Structure of some primitive Cephalopods. 
Report N.Y. State Paleontologist, 1904. — Sandberg er, G., Beobachtungen Tiber die Organisation 
der Gouiatiten. Jahrb. Yer. Naturk. Nassau, Bd. vii. p. 292, 1851. — Sandbwger, G. and F., Die 
Versteinerungen des rheinischen Schichtensystems in Nassau. Wiesbaden, 1850-55. — Sch Idler, 
O., Cephalopoden der oberen deutschen Kreide. Palaeontogr., Bd. xxi., xxiv., 1872-77. — Schroder, 

11., Untersuehungen uber silurisclie Cephalopoden. Palaeont. Abhandl., Bd. v. Heft 4, 1891. — 
Siemiradzki, J., Monograph. Beschreib. der Ammonitengattung Perisphinctes. Palaeontogr., 1899, 
vol. xliv. — Smith, J. P., Comparative Study of Palaeontology and Phylogeny. Journ. Geol., 
vol. v. No. 5, 1897. — Marine Fossils of the Coal Measures of Arkansas. Proc. Amer. Philos. Soc. 
vol. xxxv., 1897. — The Development of Glyphioceras, etc. Proc. Calif. Acad. Sci. [3], vol. i., 
1897. — The Carboniferous Ammonoids of America. Mon. xlii., U.S. Geol. Survey, 1903. — Stein- 
mam, G., Ueber Tithon und Kreide in den peruanischen Anden. Neues Jahrb., Bd. ii., 1881. 
— Stanton, T. W., The Colorado Formation. Bull. U.S. Geol. Surv. No. 106, 1893. — Stoliczka , 
F., and Blanfurd, H. F., Fossd Cephalopoda of the Cretaceous Rocks of Southern India. — Mem. 
Geol. Surv. India, Palaeont. Indica, 1861-66. — Sness, E., Ueber Ammoniten. Sitzungsber. Akad. 
Wiss Wien, Bd. lii., lxi., 1866-70. — Till , A., Die fossilen Cephalopodengebisse. Jahrb. Geol. 
Reiclisanst. Wien, 1907, vol. liv. — Tomquist, A., Die degenerierten Perisphinctiden des Kimmeridge 
von Le Havre. Abhandl. Schweizer. Pal. Gesellsch., Bd. xxiii., 1896. — Toula, F., Erne Muschelkalk- 
fauna am Golfe von Ismid in Kleinasien. Beitr. Palaont. Geol. Osterreieh-Ungarns u. Orients, 
Bd. x., 1896. — UhMg, V ., Die Cepbalopodenfauna der Wernsdorfer Schichten. Denkschr. Akad. 
Wiss. Wien, Bd. xlvi., and Sitzungsber. Bd. lxxxvi., 1883. — Uber die Cephalopodenfanna der 
Teschener und Grodischter Schichten. Denkschr. Akad. Wiss. Wien, 1901, vol. lxxii. — The 
Fauna of the Spiti shales. Pal. Indica, ser. xv., 1910, vol. iv. — Waagen , W., The Jurassic Fauna 
of Kutch, vol. L Cephalopoda. Palaeont. Indica, ser. ix., 1873-76. — Salt Range Fossils. I. 
Productus Limestone Fossils ; Cephalopoda. Ibid . ser. xiix., 1879-88. II. Fossils from the 
Ceratite Formation. Ibid. ser. xiii., 1895. — W aimer, F„ Beitrage zur Kenntniss der tieferen 
Zonen des unteren Lias <ler nordo'stlichen Alpen. Beitr. Palaont. Geol. Osterreich-Unganis u. 
Orients, Bd. ii., ix., 1882-95. — Wagner, A ., Fossile tjberreste von nackten Tintenfischen. Abli. 
Bayer. Akad. Wiss., Bd. viii., 1856-60. — Wedekind, R., Die Cephalopodenfauna des hdheren 
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tacles surround the mouth, and serve as prehensile and locomotive organs ; in the 
Dibranchiates they are armed with hooks and suckers . 1 

The Cephalopods are the most highly organised, and include the largest- 
sized of all known Mollusca. They breathe by gills, and are exclusively marine. 
Their nervous, circulatory, digestive and reproductive systems, their muscula- 
ture and sense organs all exhibit remarkable differentiation as compared with 
those of other Mollusks. A fleshy mantle, which is open above, encloses the 
cavity which is occupied by the respiratory organs (the gills) and it also 
serves as a covering for the reproductive, alimentary and secretory systems, 
the heart and the principal blood-vessels. A large ganglionic mass (cerebral 
ganglion) and sub-oesophageal ganglion connected by commissures are placed 
around the oesophagus, and are surrounded by a cartilaginous enclosure in the 
Dibranchiates, but in Nautilus this protects only the sub-oesophageal nerve mass. 

Eecent Cephalopods were divided by Owen into two groups — Tetrabranchiata 
and Dibranchiata . The former is represented in the present fauna by the soli- 
tary genus Nautilus , but the latter still comprises a very considerable series of 
forms. A host of fossil Cephalopods abounded in the Paleozoic and Mesozoic 
seas. Among these the two largest groups, the Ammonoidea and Belemnoidea , do 
not afford any certain information regarding the number of gills, but the shells 
of the former agree essentially with those of Nautili, while those of Belemnites, 
on the other hand, are more like those of certain Dibranchiates ; hence it is 
advisable to associate these fossil groups with the corresponding sub-classes 
established for Eecent forms. 

Subclass 1. TETRABRANCHIATA Owen. 2 

Cephalopods with four plumose gills , and external chambered shells. Ambula- 

Oberdevon am Enkeberg. Neues Jabrb. f. Min. etc,, 1908, Supplem. vol. xxvi. — White, 0. A., 
Mesozoic Fossils. Bull. TJ.S. Geol. Surv. No. 4, 1884. — Whiteaves , J. F. Mesozoic Fossils, 
voL i. GeoL Suxv. Canada, 1876-79. — Palaeozoic Fossils, vol. iii., ibid. 1884-97. — Contributions 
to Canadian Palaeontology, vol. i., 1885-89. — Descriptions of Fossils from the Devonian of Manitoba. 
Trans. Boy. Soc. Canada, vol. viii. sec. 4, 1890. — Whitfield , M. P., Several papers in Bull. Amer, 
Mus. Nat. Hist., 1886-97. — Republication of Hall’s Fossils, etc. Ibid. vol. i., pt. ii., 1895. 
Wright , T., Monograph ou the Lias Ammonites. Palaeont. Soc., 1878-86. — Wtirteuberger, JR., 
Studien uber die Stammgeschichte der Ammoniten. Darwinistische Schriften, No. 5. Leipzic, 
1880. — Tube, H., Cretaceous Cephalopoda from the Hokkaido. Joum. Coll. Sci. Imper. Univ. 
Tokyo, Japan, 1904, vols. xix., xx. — Zittel, K. A., Cephalopoden der Strambergor Schichten. 
Palaeont. Mittheil. Museum Bayer. Staates, Bd. ii., 1868. — Die Fauna der alteren Tithonbildungen. 
Ibid. B<L iii., 1870. — Handbuch der Palaontologie, Bd. ii., 1881-85. 

1 A. E. Verrill has furnished the following note regarding the arms of Cephalopods : “ The 
arms, together with the siphon (ambulatory funnel) of Cephalopods, must be considered as 
homologous with the foot of other Mollusca. The large nerves supplying these organs arise from 
the pedal ganglia. In the early larval stages the arms arise as bud-like, paired lateral outgrowths 
at the base of the large yolk-sac, while the rudiments of the siphon (funnel) arise as two oblique 
pairs of folds situated farther back. The anterior pair of these folds eventually unite and form 
the central or tubular part of the siphon, and the more posterior folds form the lateral or valvular 
portions of the same organ. The rudimentary arms arise posterior to the mouth on the ventral 
and lateral sides of the yolk-sac, and only surround the buccal region at a later stage. The 
yolk-sac occupies the same relative position, behind the mouth, as the central part of the foot- 
area of ordinary Gastropod larvae in the early veliger stages. Therefore the arms are muscular, 
lateral outgrowths of this same foot-area. The two lateral rows of rudimentary arms are widely 
separated at first by the yolk, but during the absorption of this, they rapidly approach each other 
and converge around the mouth.” 

2 Oicen, R., Memoir on the Pearly Nautilus. Loudon, 1832, — Kerr , J. Q ., Anatomy of 
Nautilus pompilius, Proc. Zool. Soc., London, 1895. — Griffin, L. E. , Anatomy of Nautilus 
pompilius. Mem. Nat. Acad. Sci., 1900, vol. viii. 
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tory funnel divided ; inlc-bag absent ; arms represented in existing Nautili by lobes 
and numerous tentacles , which are without hooks and suckers . Cumbrian to 
Kccent. 


Our knowledge of the soft parts of the Tetrabranchiates is based entirely 
upon the single existing genus Nautilus (Fig. 1098). The soft parts are con- 


tained in the outer- 
most compartment 
(living chamber) of 
the shell, the ventral 
portions being on 
the external side. 
The body is short 
and thick, and the 
head separated from 
the remaining por- 
tion. Around the 
mouth are about 
ninety external fili- 
form tentacles, 
placed upon the 
edges of lobes, and 
their basal parts 



when contracted are 


Fio. 1098. 


lodged in fleshv Nantilw imip'thuH Linn. Koconl; Indian Oti<HLii. Hhnll with contained soft 
& J parts seen from thn left Hide, tlie shell being out through along the mwlimi 

sockets or sheaths, line, a , Mantlo; h. Dorsal lobe of the mantle; r, Hood; <1, Ilypouomo, nv 
mr : £ , , -i “ ambulatory funnel e. Nidamental gland ; /t, Muscle for attachment, ; o, Ifiyo ; 

1 lie pair OI tentacles s, Hii)lmnclu ; t, Tentacles ; x, Septal chamber (after It. Owon). 

on the inner or 


dorsal side are fused so as to form a thicker muscular lobe or hood, which 
servos to close the aperture of the shell when the animal is withdrawn into 
the living chamber. On the ventral side of the head and tentacles, hut 
separated from them, is a very thick muscular leaf, having the free edgo^< 
external and rolled in upon themselves (Fig. 1098, d ). This is the so-called^ 
ambulatory funnel of authors generally ( hyponme of Hyatt), and its cavity 
is contracted anteriorly and dilated posteriorly, where it opens into the 
branchial chamber. It serves to conduct water which is taken by suction 
into, and then violently expelled from the gill cavity of the mantle, thus 
driving the creature backward by the force of reaction. Kerr suggests that the 
structure of the infolding edges of the hyponome and the muscular character 
of this organ would enable the animal to unroll and flatten it out so as to be 
available for crawling. It is supposed to be homologous with the foot of 
Gastropods, and this suggestion, if true, would show that it had not entirely 
lost its normal functions in primitive forms of Cephalopoda. 

On either side of the head, near the pair of lateral tentacles, is placed a 
large eye of primitive structure, which is supported on a short peduncle. 
The mouth is in the centre of the lobes and groups of tentacles, the tongue is 
fleshy, and the radula armed with numerous rows of plates and hooks. The 
remarkably powerful jaws (Figs. 1099, 1100) are largely composed of a dark 
horny substance, only their points being calcified. Similar calcified beaks are 
not uncommon in Mesozoic terranes, being found either associated with 
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Nautiloid shells or detached. The jaws belonging to Nautilus bidorsatns from 
the Trias were originally described under the name of Ithyncholites and 


a 



Fi«. 1099. 


Fig. 1100. 


Upper jaw of Nautilus 'pompilhiA. Lower jaw'of Nautilus 

A, Side view ; B, Inferior aspect, i/l* pompilius. Side view. 1 / 1 . 




A Ji 0 



Fig. 1101. 


TmnncJinlus Imlormtm Hclilolh. (=■ AVw/w- 
chnlUhcs Inrwulo Fauro-Biguot) MuhcIicI- 
kalk ; Lamock, near Bayreuth. A, Upper 
jaw, viewed from above ; B, from the side ; 
from below. 




Concfiorhynclms (Figs. 1101, 1102); the common Jurassic and Cretaceous 
forms are known as Ehynchoteuthis (Fig. 1103) and Palaeoteuthis d’Orbigny. 
The long feather-like gills are disposed in two pairs at the base of the 
hyponome, and between them is the anus, closely behind which is placed the 

A single or double orifice 

of the generative or- 
gans. In the female 
there is found at the 
base of the gill cavity 
a long, tri- 
partite, nida- 
mental gland, 
which fuses 
e xt or nally 
with the 
mantle. 

The body 
is short, 

Tlie calcareous beak seen sac k _ ghapod, 

rounded pos- 
teriorly, and enveloped by the mantle. The base of the latter is prolonged 
at a certain point into a fleshy, hollow cord or tube (the siphon), which passes 
through a rounded aperture in each of the septa, and extends as far as the 
inner side of the apex in the initial chamber. The fastening of the animal 
within the living chamber is accomplished by two oval muscles situated on 
either side near the base of the mantle. These muscles are attached to the 
inner wall of the living chamber, and have corresponding but very shallow 
impressions. They are connected both dorsally and ventrally by a band of 
fibres, the annulus, which also leaves its impression upon the shell. The form 
and position of the muscles for attachment and the annulus are sometimes 
discernible on the internal moulds of fossil shells. 

The shells of existing Nautili are coiled in one plane, and composed of 
several volutions, the outermost of which either envelops all the earlier ones 
( Nautilus pompUius), or leaves the umbilicus partly open (N. umbilicatus). 


Fig. 1102. 

Tmnotiheilus biilorsatus Schlotheim 
(= Vonchorhynchus avirostris .BUunville). 
Mnschelkalk ; Laineck, neap Bayreuth. 
Lower jaw viewed from above. 


Fig. 1103 

Rhynchotcutlm flakiudmuus Piet, and Lor. 
Neocomian; Voiroiis, France. A , Dorsal 
aspect, showing m part the clntinous lateral 
expansions, ii, "" ' ’ ’ 

from, below. 
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With the exception of the last half of the outer volution, which is occupied 
by the animal as a living chamber, the shell is divided up into numerous 
cavities or chambers by parallel partitions called septa, the mesal parts of which 
are concave toward the aperture ; and they are disposed at regular intervals. 
The compartments thus formed are said by different authors to be filled 
with air, gaseous or even fluid matter, and all are traversed by the siphon . 1 

The siphon has dense walls and is probably not capable of any extended 
movements inside of the surrounding calcareous parts which forjn the siph- 
uncle. The relation of the siphuncle to the septal chambers in Nautilus has 
not been sufficiently investigated to enable one to state distinctly what its 
functions may be. The whole exterior of the mantle and siphon is encased 
in a cuticle of horny matter, the remains of which are often found in the 
living chambers and siphuncles of fossil forms as well. The shell itself is 
composed of two layers, an internal and an external. The outer layer is 
composed of imbricated laminae, is porcellanous, light-coloured and super- 
ficially ornamented with red or brown transverse bands ; the inner layer is 
nacreous, and composed of thin, parallel laminae, which are crossed by fine 
rectangular lines. The septa likewise consist of a pearly layer, but are 
covered over like the inner walls of the chambers with a very thin, opaque, 
calcareous film. A large number of fossil shells have a structure similar to 
the recent Nautilus. These are divided into several groups, characterised by 
peculiarities of the initial chamber, and by differences in the suture lines, 
siphuncles, sculpturing and form of the aperture. 

Our knowledge of the life-history of the Nautilus is very limitod. 
Although empty shells are cast ashore in great quantities in the Pacific and 
Indian Oceans, the animal is rarely found alive. According to Eumpf, the 
creature swims by ejecting water through the hyponomo, and at the same time 
holds the tentacles expanded horizontally, and the head protruded as far as 
possible ; but when creeping, probably the head and tentacles are directed 
downward . 2 The shell is essentially alike in both cases. However, in 
Nautilus pompilius, Willey has found that the females differ in having flatter 
and more convergent sides, the males being stouter and more gibbous, which 
is exactly contrary to the prevalent notions with regard to sex among shell- 
bearing Cephalopoda. The shell is supposed to serve as a hydrostatic apparatus, 
sinking when the animal withdraws into the living chamber, but sufficiently 
buoyant to float itself and the animal when the head and tentacles are 
protruded in the act of swimming. Moseley 3 confirms the observations of 

1 These conditions are described by Professor Vernll in the following note : “The pericardium 
of Nautilus pompilius communicates directly with the gill cavity by special pores, which are close 
to the orifices of the nephridia, but do not unite directly with latter, as in most Mollusca. Water 
can, therefore, pass directly into the pericardium and other coelomic cavities. The cavity of the 
siphuncle appears to communicate directly with the pericardium, and hence with the gill cavity by 
means of the special pores. Thus sea-water can readily pass into or out from the chambers of the 
shell, to equalise pressure at varying depths, as in most marine Mollusca. These chambers are 
unquestionably filled with fluid under normal conditions. But living as the animal docs under 
pressure at considerable depths, the fluid in the chambers is saturated with the gases in solution. 
When the Nautilus is rapidly brought to the surface, some of the gas is liberated m consequence of 
diminished pressure, and must occupy part of the space within the chambers by forcing out some of 
the fluid. Hence the shell will float uutil the free gases within the chambers are absorbed or 
otherwise eliminated. There is no evidence that free gases are ever naturally present in the living 
chambers during life. ” 

2 Rumpkius, Q. JEJ., Amboinische Raritoitkamer, p. 59. Amsterdam, 1705. 

8 MosA&y AT. N., Narrative of the Voyage of the Challenger, vol. I. — Fischer, Manuel do 
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Rumphius, but the animal he studied was drawn up by a dredge which had 
been dragged on the bottom at a depth of 300 fathoms. This individual 
swam in the manner described, but was not able to sink ; and this was 
accounted for on the supposition that in rising from the bottom the sudden 
expansion and rarefication of the contents of the air-chambers had interfered 
with the action of the hydrostatic apparatus. 

Nothing has yet been ascertained regarding the mode of reproduction 
and development of the animal in Nautilus . The construction of the shell 
in this genus, however, renders it probable that in the youngest stage a 
perishable embryonal shell was formed, the presence of which is indicated by 
a scar or cicatrix on the apex of the initial chamber. Hyatt describes and 
figures a more or less wrinkled lump on the apex of several species of the 
Orthoceratidae, which he regards as an embryonal shell or protoconch; and 
Clarke also figures one having a nearly perfect form. The former explains 
the absence of the protoconch in fossil genera and in the Recent Nautilus by 
supposing it was usually membranous or imperfectly calcified, and hence 
easily destroyed. 

As the animal continued to grow, it advanced forward by building out 
the edges of the aperture and secreted new septa at regular intervals, each 
one probably corresponding to a period of repose. A tubular prolongation of 
the base of the mantle was formed at each period of progress, and this 
remained behind in the first septal chamber and excreted the calcareous 
matter that built the last segment of the siphuncle. Each septum bends 
apically into a funnel around the origin of the siphon at the base of the 
mantle, and this is continuous with a calcareous but more loosely constructed 
and very porous wall that prolongs the tube begun by the funnel. This 
porous wall or sheath coats the funnel on its external surface in the air- 
chambers, but it continues alone apically beyond the funnel, and is inserted 
into the spreading trumpet-like opening of the next preceding funnel. The 
siphuncle is therefore a segmented, calcareous tube surrounding the siphon, 
each segment crossing only one septal chamber and consisting of a funnel and 
its connecting sheath. 1 

In Nautilus the margin of the external opening or aperture is sinuous, the 
concavities being the sinuses, the outward convexities the crests ; and the 
single median concave bend on the venter is named the hyponovnic sinus , 
because it indicates the position of the hyponome. In some fossil genera 
(Orthoceras) the aperture is often straight or simple (Fig. 1111); in others 
the lateral margins are produced in the form of ear-like crests or lappets 
( Lituite$ i Ophidioceras) ; and in some forms they approximate more or less, 
forming contracted apertures. 

The closure of the aperture is never complete, and may take place through 
the inward growth of the lateral margins, as in Phragmoceras (Fig. 1136), 
forming a direct dorso-ventral slit, or from the venter and the sides, as in 
Mandeloceras (Fig. 1133), producing a T-shaped opening; or, as in Hercoceras 
(Fig. 1120), it may occur principally from the dorsum and venter, resulting in 

Conchyliologie, 1880-87.— Willey, A., In the Home of the Nautilus. Natural" Science,” 189& 
vol. vi. 

1 Brooks \ H.y On the Structure of the Siphon and Funnel in Nautilus pompilius. Proc. Boston* 
Soc. Nat. Hist., 1888, vol. xxiii. — Appdof, A ., Die Schalenvon Sepia, Spirulaund Nautilus. Kon.' 
Svensk. Vetensk. Akad. Handling., 1895, vol. xxv. No. 1 .—Grandjean, F, Le Siphon des Ammonites 
et des B&emnites. Bull. Soc. Geol. France, 1910, vol. x. 
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a transverse aperture. The dorsal side of the aperture is, as a rulo, occupiod 
by a crest, known as the dorsal crest (Figs. 1115, 1121, 1138). The position 
of the hyponome is indicated by the large single opening and sinus at the 
termination of the longer median slit of the aperture in shells with contracted 
openings that obviously had this organ ( Phragmoceras , Gomphoceras etc.) ; but 
in others like Eercoceras , which have no ventral sinus in the aperture, the 
hyponome was probably absent or non-functional. The sinus in the lines of 
growth, however (Fig. 1120), sho.w that this organ was present in the pre- 
ceding stages of development before the contracted apertures were formed. 

Pompeckj states that contracted apertures occur only in senile stages of 
growth, and small shells having this peculiarity must be regarded as dwarfs. 
This is certainly true of many species, and is probably also the case with 
Eercocems and the like. T-shaped apertures often show several accessory 
sinuses and crests (Fig. 1134), which probably indicate the number of their 
protrusible arms or tentacles. Most curved forms have the ventral sinus on 
the arched external side ( exogastric shells), but some have it on the concave 
internal side, as in Phragmoceras , and these are called endogastric shells. The 
interior wall of the living chamber, and volutions in recent and fossil 
Nautiloids (Fig. 1122), are typically marked with fine transverse and longi- 
tudinal lines. In the recent Nautilus a black superficial layer, composed in 
part of organic matter, is deposited by the hood immediately in front of the 
aperture on the dorsum. 

The internal partitions or septa, which divide the volutions into chambers, 
vary exceedingly in number among different species and also at different ages 
of the same individual ; but they are tolerably constant as a rulo, within the 
limits of one and the same species, if specimens of the same age are compared. 
They follow one another in regular succession, but as observed by Hyatt, the 
intervals are relatively greater in the young, more constant in the adult, and 
then markedly decrease in the oldest stages of development. Each septal 
chamber (camera of Hyatt) was part of the living chamber until it was cut off 
by a septum and left empty as the animal moved forward. Perfectly pre- 
served shells may have the living chamber alone filled up with stony matrix, 
since the sediment could only pass into the preceding chambers through the 
siphuncle, or as a result of injury to the walls of the camera©. Nevertheless, 
these last are seldom entirely empty, their interiors being frequently lined 
with crystals of infiltrated calcite, quartz, celestine, baryte, pyrite, or with 
organic secretions. Double septa occur in some forms ( Actmoceras ), and in 
others the camera© are sometimes secondarily partitioned off by intermediate 
walls or pseudo-septa, which may either run parallel with the septa proper, or 
at an angle with them, and are composed of two readily separable calcareous 
lamellae. The origin of these pseudo-septa has been attributed to the 
calcification of regularly arched membranes at the posterior end of tho body. 

The line of junction between the septa and inner wall of the shell is called 
the sutwre , This is invisible externally, except when the shell-substance has 
been broken or worn, or dissolved away, and it is seen most clearly on natural 
moulds. The sutures of Nautiloid shells follow, as a rule, simplo, straight or 
slightly undulating linos. These undulations, when convex toward the apex, 
are termed lobes, and the reversed or forward curves are the saddles . They are 
called lateral lobes when occurring on the sides, and when on the venter or 
dorsum are termed ventral or dorsal lobes and saddles. The amular lobe is a 
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small median dorsal lobe, usually pointed and occupying the centre of the 
main dorsal lobe. It is supposed to have had some relation to the correspond- 
ing inflection or point of the annular muscle among the Nautiloidea. In more 
specialised shells it is associated with a conical inflection of the septum itself. 
The curves are undulatory as a rule, but in some genera may be more or less 
angular. 

The position of the siphuncle does not enable one to determine which is 
the ventral and which the dorsal side in most genera, but the hyponomic sinus 
in the aperture and the curved lines of growth are an almost unfailing index 
of the ventral side. The siphuncle is apt to change its position in the same 
individual at different stages of development, but in shells of the same ago 
it is approximately constant, and is available for diagnostic purposes in a 
number of genera. 

The siphuncle differs in its form and characteristics among Paleozoic 
genera, being tubular in some (Fig. 1110), or inflated in the interseptal spaces 
in others, in such manner as to resemble a string of beads, or swollen discs 
which are separated by narrow constrictions (Fig. 1126). When of consider- 
able width, its cavity is partly filled up with thin calcareous lamellae (Fig. 
1137), partly with the calcareous cones immediately to be described (Fig. 
1105), or it is notably reduced by excretions around the interior of the 
funnels forming peculiar annular swellings known as rings, and which are 
generally composed of calcareous matter. The centre of the siphuncle in 
these forms is usually kept open more or less perfectly by an axial tube 
termed by Zittel the prosiphon ( endosiphmcle of Hyatt), which will be con- 
sidered more fully in the descriptions of Endoceras and Actinoceras. In 
Diphragmocems the siphuncle is septate like the shell. The upper parts of 
these large siphuncles were more or less unobstructed near the living chamber, 
and this part (the endoconal or siphuncular chamber of Hyatt) was doubtless 
occupied by an extension of the mantle cavity, probably containing portions 
of the viscera. 

The funnel of the siphuncle as described above is simple in structure, and 
is plainly directed towards the apex in all Nautiloids, with the exception of 
Nothoceras and its allies, the funnels (?) of which are turned in the opposite 
direction. The funnels, as a rule, are short and incomplete, although in 
the early stages of development of many shells, and in the adult stage of 
primitive forms they may be complete, extending from one septum to the next 
following (Fig. 1105), or even to the second preceding this (Fig. 1104, C ). 
When the funnels are complete they are always contracted apically, and 
inserted one within the other. The siphuncle in most Nautiloids, as in the 
existing Nautilus (Fig. 1123), is apt to be more or less dilated in the younger 
stages, especially in the second and first air-chambers, and it is closed at the 
end within the first air-chamber by what is termed the caecum. The external 
shell is perforated by an elongated scar or cicatrix (Fig. 1122), closed by a 
plate, against some part of which the bottom of the caecum impinges in the 
interior. The presence of the cicatrix, as already stated, leads to the inference 
that a deciduous embryonal shell or protoconch must have been present. The 
shell on the apex is so much thinner than at later stages, and is so easily 
abraded or destroyed, and the cicatrix itself in consequence so slightly marked 
even in perfect shells, that good examples are rarely found, and when met 
with require careful preparation and close observation. 
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In some Paleozoic Nautiloids with large siphuncles (Endoceras, Adinocems ), 
the apical end of the siphuncle is solid and dilated to form the nepionic bulb 
(Hyatt), and this sometimes practically fills the camerae, and besides being 
very large in a number of succeeding chambers. The endosiphuncle expands 
near the apex in these genera, and forms a good-sized conical perforation or 
cicatrix, which is obviously open at its termination ( Adinocems , Nanno). 

Closely coiled shells have the apical part bent so as to enclose a vacant 
space (the umbilical perforation) in the centre of the whorls (Fig. 1119). 
This is present in all the Nautiloidea having this mode of growth, although in 
some genera it is very minute. The Nautiloid shell is invariably cone-shaped, 
but this may be straight or curved, or coiled in open or closed spirals, but in 
rare instances it is even screw-like, or similar_J;o a Gastropod shell. Along 
with perfectly smooth shells, or those marked only with fine growth-lines, 
which in some rare cases may retain traces of their original coloration, there 
are others with external transverse ridges, keels, rows of tubercles or laminae ; 
but this ornamentation is of a simple kind, and never attains the degree of 
complexity observed among the more highly ornamented forms of Ammonoids. 

Glassification. — Great importance has always been attributed to the external 
configuration and curvature of the shell in distinguishing genera, and the 
principal groups usually named Orthoceras , Cyrtoceras , Gyroceras , Nautilus , etc., 
have been founded upon such characters. Barrande emphasised in addition 
’the shape of the aperture, direction of the funnels, and structure of the 
siphuncle, but considered those subordinate in most cases to the general 
form, and the majority of writers have followed his example. Hyatt, 
however, regarded the general form and involution of the shell as relatively 
minor characters, and depended upon coincidence of structure, outlines of the 
aperture, and especially resemblances in developmental stages, as surer guides 
to the affinities of the species and characteristics of the genera. 

Terminology. — For sake of convenience, it is preferable always to speak of 
the embryonal shell as the protoconch , and the later or epembryonic stages of 
the shell as the conch , the term “ shell ” being really applicable to the entire 
external skeleton inclusive of the protoconch. The history of the individual 
and its shell can be divided into the following stages and substages ; The 
embryo or protoconch ; the nepionic stage or infancy, represented by the apical 
part of the conch ; neanic stage or adolescent part of the more mature cone ; 
ephebic or adult stage of the same ; and gerontic or senile stage with which it 
terminates in a complete example. 

All of these stages differ materially from each other as a rule, and it is 
often convenient to divide them into substages, connoted by the prefixes ana- % 
meta -, and para-. Thus the nepionic can be separated into ananepionic, meta- 
nepionic and paranepionic, and it is often essential to treat the neanic and 
gerontic stages in the same manner. 1 

The many different forms of Nautiloid shells may be grouped into a few 
leading types, as follows : An orthocone is the young of the straight as well as 
of many of the coiled forms. In this, although straight, the bands of growth 
are broader on the venter than on the dorsum, and there is no hyponomic 
sinus. A cyrtocone is the similar stage which replaces or, as is oftener the 
case, succeeds this and is curved. Both of these may have crests in the bands 

1 For a more extended discussion of terminology that can be advantageously used in descriptions 
of shells of this class see Hyatt, A., Phylogeny of an Acquired Characteristic, 1894, p. 422 et seq. 
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of growth, on both the dorsum and venter, thus indicating that the young 
animal did not possess a large hyponome. An orthoceracone is the older stage 
of a straight form, and is nearly or quite straight on both venter and dorsum \ 
the bands of growth are approximately equal, but there is usually a hyponomic 
sinus. Cyrtoceracones are shells curved like Cyrtoceras on both venter and dorsum. 
Gyroceracones are curved in a loose spiral like Gyroceras , the volutions being 
sometimes in contact, but there is no impressed zone, i.e . the venter is not 
involved by the overgrowth of the dorsum belonging to the next outer whorl. 

The impressed zone in its primitive form is the longitudinal impression 
formed in the dorsum by the contact of the whorls. This is divisible into 
two kinds — the contact furrow, arising and lasting only when the whorls are 
in contact ; and the dorsal furrow, arising through inheritance in the young 
before the whorls come in contact. There is also a third modification, which 
for the present may be called the persistent don'sal furrow. This occurs in the 
free senile whorls of some shells, and is a remnant of the impressed zone. 
Finally, there is a furrow arising only from contact in the old age of some 
distorted Ammonoids, and hence may be called the gerontic contact furrow . 
Cyrtoceracones and gyroceracones do not usually have impressed zones, but 
an exception is furnished by Cyrtoceras depressum. 

Nautilicones are closely coiled shells having an impressed zone. This may 
be only a very slight contact furrow, or a hereditary dorsal furrow deepening 
by growth and involution, as in Nautilus . Torticones are asymmetrical spirals 
like those of a Gastropod, either loosely or closely coiled. These may or 
may not have impressed zones. Among Nautiloids they may be distinguished 
as trochoceracones, etc., according to their form, and among Ammonoids as 
turriliticones , etc., when more precise descriptive terms are required. A special 
nomenclature is employed in describing the position of the siphuncle, which 
is of convenience in technical treatises, but may be omitted here. The septal 
chambers have been termed earner ae in the sequel, because this avoids any 
assertion with regard to their contents, such as is implied by “air-chambers ” 
and the like. The less appropriate term “loculus ” has been used with the same 
meaning by Holm. 


Order 1. NAUTILOIDEA ZitteL 

The conchs are camerated orthocones and cyrtocones in the young of primitive 
forms , becoming cyrtoceracones like the adults of these same ancestral shells in the young of 
more specialised and coiled shells. Apertures have , as a rule , ventral or hyponomic 
sinuses, and crests on the dorsum . Septa are concave along the mesal plane towards the 
apex. Sutures straight or undulated , rarely with sub-angular lobes and saddles , and these 
are probably never acutely angular, as in the Ammonoidea. Each segment of the siph- 
uncle is composed of a funnel and sheath as among primitive Ammonoids, bub the funnel 
persists throughout life in the ontogeny of all forms (except perhaps Nothoceras). Collars 
around the oral openings of the funnel are present in the later stages of Ascoceras (and 
Nothoceras f). Apex cup- or saucer-shaped , and marked by a circular or elongated cavity 
or cicatrix , which is more or less compressed elliptical, never transversely elliptical or 
depressed, and is sometimes hidden by the protoconch or its shrunken remnants. 

The order may be subdivided according to the general external features of 
the shell and structure of the siphuncle into five sub-orders, as follows, named with 
reference to peculiarities of the funnels : — Holochoanites, Mixochoanites, Schistochoanites, 
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OrthocJioanites and Cyrtoclioanitcs. The characters of these different groups are defined 
under their proper headings. 


Suborder A. HOLOCJHOANITES Hyatt, 


Funnels of siphuncular segments reaching from the septum of origination to the plane 
of the next septum apicad or beyond this , or in some genera even to the plane of the second 
septum. 

I. Diphragmida Hyatt. 

This group contains hut one family, Diphragmidae , having the same characters as 
the following unique genus : — 

Diphragmoceras Hyatt. Orthoceracones and cyrtoceracones having simple septa 
and sutures as in Endoceratida, but siphuncle divided by tabulae alternating with the 
septa of the camerated shell. Chambers of siphuncle empty, as are also the camcrac. 
Quebec group. 

II. Endoceratida Hyatt. 

Orthoceracones , cyrtoceracones , gyroceracones and nautilicones having siphuncles of 
variable diameter , but as a rule large m proportion to the width of the shell. They may be 
empty or filled with internal organic deposits , but are invariably tubular , and the funnels 
completely shut off the interior from the interiors of the earner ae. The latter are without 
organic deposits. 

Family 1. Endoceratidae Hyatt. 


Smooth or annulated orthoceracones. Siphuncle always more or less filled with 
organic deposits. 


a n a 



Ei a. 1104. 


A, Vtmlnmaras duplex (Wahlonborg). Ordovician; Kinnokullo, 
Sweden, Much reduced. H, V. ctmmuna (Wahlb.). Ordovician ; 
Oranionbaum, Russia. The anterior cndocono of tlio siphuncle is 
filled up with matrix so an to form a dart (“ Wpiess ”). tyg. <K Dia- 
grammatic longitudinal (motion of the last, showing siphonal 
funnels. J), Detached camera of Vayinocerax with long siphonal 
funnel, (Figs. 0 and D after Dowitz.) 



Fig. 1105. 

Knilmcrax jiroteiforme Hall. Ordovi- 
cian ; Now Y ork. Longitudinal section 
showing funnels and endoconos. 


Vaginoceras Hyatt (Fig. 1104). Ordovician, Gamer ocer as Conrad ( Sannionites 
Fischer von Waldheim ; Suecoceras Holm). Ordovician and Silurian. 

Endoceras Hall ( Oolpoceras Hall; Diploceras Conrad) (Fig. 1105). Smooth or 
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annulated orthoceracones. Funnels reach from septum of origination to tho next 
apicad of this, but no farther. Septa pass entirely around the siphuncle. Organic 
deposits in the form of endocones, and taper off at the centre into a spire that is 
sometimes tubular and hollow, or again flattened and elliptical. This ih the endo- 
siphuncle. Ordovician and Silurian. 

Narthecoceras Hyatt. Long, cylindrical, staff-like orthoceracones. Siphuncle 
large and filled with organic deposits having a radiating fibrous structure like the 
guard of a Belemnite.' Endocones and an endosiphuncle developed. Septa continuous 
around the siphuncle. Ordovician. 

JSfanno Clarke. Similar to the preceding, but endosiphuncle present only at the 
apical end. Siphuncle close to the shell, so that sutures appear to bend apically into 
a lobe passing around the siphuncle. Trenton Limestone. 

Family 2. Piloceratidae Hyatt. 

Shorter and stouter orthoceracones and cyrtoceracones with relatively larger siphuncles 
than in JSndoceratidae, and more variable in their internal deposits. Stpta arc more 
concave and sutures more sinuous. Camerae empty and funnels similar. 

Pilocems Salter. Breviconic cyrtoceracones with very large siphuncle and well- 
defined endocones. Ordovician. 

Family 3. Cyrtendoceratidae Hyatt. 

Gyroceracones and nautilicones having large siphuncles filled with organic deposits or 
empty , but with endocones obscure or absent , and no cndosiphuncles. 

Cyrtendoceras RemeM. Gyroceracones with siphuncle near the dorsum and filled 
with calcareous deposits. Ordovician. 


Suborder B. MIXOCHOANITES Hyatt. 

Orthoceracones and cyrtoceracones having expanded living chambers with contracted 
apertures in the gerontic stage of specialised genera. The oldest septa are bent sharply 
orad, forming a series of dorsal saddles , and the siphuncle becomes highly modified . 
Primitive genera have the septa deeply concave or approximately sub-conical , the siphuncle 
small and empty , and the septa sometimes more or less imperfect on the ventral side in the 
gerontic stage . Specialised forms have siphuncles with shorty straight funnels in the 
young , and in the ephebic stage collars are built around the oral openings , thus becoming 
parallel to some forms of Goniatitidae that have similar composite funnels. 

Family 1. Ascoeeratidae Barrande. 

Cyrtoceracones , smooth or annulated. Siphuncle with long funnels only in the young 
and later stages of primitive genera , but collars are added m later stages of specialised 
forms , and segments become nummuloidal in the gerontic stage. Septa often more or less 
imperfect around the siphuncle and on the ventral side . 

Choanoceras Lindstr. Sections depressed elliptical. Gerontic stages have no 
saddles, and living chamber uncontracted. Ordovician and Silurian. 

Aphragmites Barr. Only gerontic living chambers known; these are similar to 
those of Ascocerasy but have no internal sigmoidal dorsal saddles. Silurian. 

Ascoceras Barr. (Figs. 1106, 1107). Gerontic living chambers internally contracted 
by the formation of large sigmoidal saddles, and septa more or less incomplete 
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ventrally. Sipliuncle with funnels only in the young, the collars in ephebie stages 
becoming nummuloidal and often incomplete in old age. Aperture open. ■ Silurian. 

Glossocerai s Barr. Known only by gerontic living chambers, 



which are like those of Ascoceras, except that the aperture has dorsal 
and lateral crests. Silurian. 

Volborthella Schmidt. Minute orthoceracones with conical 
septa, small siphuncle, perfectly plain upon the surface of the septa. 
Living chamber Haring and uncontracted. Lower Cambrian ; 
Finland, Esthonia. St. J ohn Group ; Nova Scotia. 

Family 2. Mesoceratidae Hyatt. 

Depressed elliptical cyrtoceracones, known only by their gerontic 
living chambers, and affinities therefore uncertain. They are globular 
at this stage, and have highly contracted, transversely elongated, and 
approximately dwmb-bell shaped apertures. 


A Ji (J 



Vm. 1100 . 


Fia. 1107. 


Amurran wwtmhmm A Hears ran bohnmicum Barr. [Silurian (]£tage EJ) ; Kozorz, Bohemia. A. 

I jindstriim. Silurian ; Specimen with shell partially proHorvod. B, Mould of living chamber detached 

(lotlanil. Vis- (Ho- from preceding portion. 0, Longitudinal aecti on. w, Living chamber; a 1*4, 

stored after Lindutrom.) Camorao ; 1 1-4, Saddles contracting the living chamber, i/i (after Barrando). 


Mcsoceras Barr. Aperture with very shallow hyponomic sinus. No internal 
gerontic sigmoidal septa. Silurian. 

JHllingsiies Hyatt Aperture without hyponomic sinus. Gerontic living chamber 
partly filled by dorsal sigmoidal saddles as in Ascoceras, but septa complete on the 
ventral side. Silurian. 


Suborder 0. SCHISTOCHOANITES Hyatt. 

Funnels usually more or less imperfect, present on the internal side, and absent or 
split on the outer side. 

The typical form of the suborder is Gonoceras Broun. 

Gyrtocerina Billings. Breviconic cyrtoceracones. Sipliuncle large, on the concave 
side and empty, but having internal ridges alternating with septa of the camerae. 
These ridges appear to indicate affinity with Gonoceras. Ordovician. 

Gonoceras Broun (. BatJmoceras Barr.) (Fig. 1108), Breviconic orthoceracones, 
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known, only in their later stages of development. Siphnncle of moderate size, sub- 
ventran. Funnels reaching half-way across each camera, steeply inclined orad, and, 
split on the outer side. Closure of the walls effected by a 
plate extending from the apical opening of each funnel through 
the funnel itself orad to the apical opening of the next 
beyond, and projecting into the interior as a flattened fold, 
which is incomplete or open along the central axis. These 
internal collars or flat semiconical rings have been described 
as complete cones (Dwight). Ordovician. 


Suborder D. ORTHOCHOANITES Hyatt. 

Gerontic stages have uncontmctecl volutions and open aper- 
tures, except in a few uncoiled phylogerontic genera . Siphnn- 

cular segments may be slightly nummuloidal, fusiform or tubular , 
but are never markedly nummuloidal , nor are the funnels bent 
sharply outwards as in Gyrtochoanites. Deposits formed only m 
the siphuncles of Orthoceratidae and Kionoceras , and in them 
they are irregular and no endosiphuncles occur ; other genera 
have empty siphuncles. Funnels , as a rule , both longer and straight er than in Gyrto- 
choanites , and in Aturia almost equal to those of Holochoanites. 

This group includes the greater number of Nautiloid forms, passing from the 
smoothest to the most highly ornamented of Paleozoic shells, continuing in the Trias 
as nautilicones of complex ornamentation, and terminating with smooth shells that 
range from the Jura to the present time. The sutures become more sinuous and com- 
plex in one of the subdivisions than in all other Nautiloids. The increase in number 
of lobes and saddles begins in the Trias with Glymenonautilus , and ends with Aturia 
in the Tertiary. 



Fia nos. 

Conoceras pracposterum, 
Barr. Ordovician (Stage 
D); Vosek, Bohemia (after 
Barrande). 


L Orthooeratida Hyatt. 

Orthoceracones and cyrtoceracones with smooth or ornamented shells t, and not as a 
rule contracted in gerontic stage; apertures open throughout life. Although often short, 
none are brevicones , strictly speaking. Section circular or elliptical, very rarely oval. 
Siphuncle with slightly nummuloidal, fusiform or tubular segments, and generally near 
the centre. 


Family 1. Orthoceratidae M‘Coy. 

Section circular or compressed, living chamber uncontracted or only slightly so, 
and aperture always open. Surface smooth or with only transverse bands, rarely 
longitudinal striae , never longitudinal ridges. Siphuncle small ( except in Baltoceras), 
segments fusiform or cylindrical, never nummuloidal. Deposits when present irregular, 
and gathered about the funnels as in the Gyrtochoanites ; no definite endosiphuncles ever 
formed. 

Baltoceras Holm. Siphuncle large, but with short, straight f unn els, and sheaths 
as in Orthoceras. Ordovician. 

Orthoceras Breyn (Figs. 1109, 1110). Long tapering orthoceracones and cyrto- 
ceracones, smooth, or with only transverse striae and growth bands. Siphuncle 
generally larger than in Gdsonoceras, centren or slightly dorsad of centre. Deposits 
when present gathered about the funnels as in the Annulosiphonata. Silurian to Trias. 

Gdsonoceras Hyatt (Fig. 1111). Similar to the last, but sides sprea din g more 
rapidly, and siphuncle empty, centren or slightly ventrad of centre. Ordovician to 
Carboniferous. 
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Protahacti ites Hyatt. Long pencil -shaped ortlioceraconea aiul cyrtoceracones, 




Fxo. 1101). 


Orthtwrnu Hnlmwtlhm Marklin. Silurian ; 
Gottlaml. Longitudinal .section showing 
Mphunclo, septa and pacucloHopta ; caincrao 
llllod up with calcito. 


Fni. 1110. 

0 rthotrras vivhrl i ni 

Barr. Silurian ; Kozurz, 
Bohemia. Longitudinal 
section showing short 
Hiphonal funnels. 


circular, or compressed elliptical in .section, ornamented with 
transverse and sometimes longitudinal striae. Sipliunc.lt* 
tubular, centren or near tlie centre. Truncation occurs in some 
species, and others are more or less transitional to JJactrUw 
among the Annnonoids. Type P. ( Ortho - 
eeras) styloid mm (Barr.). Silurian to Car- 
boniferous. 

Family 2. Cycloceratidae Hyatt. 



Fia mi. 

(reiunnoarax timidnm 
(Barr.). Silurian ; Loch- 
kow, Bohemia. 


Fm. 1112. 

Dawsonocaras annula- 
tum (Sowb.). Silunan 
(Btago El); Viscocilka, 
Bohemia. Terminal por- 
tion showing shell of 
living chamber and 
sectioned cam orae (after 
Barrande). 


Orthocemcones and cyrtoceracones having annuli with transverse 
striae or bands of growth at all stages ; longitudinal ridges , when 
present, more or less discontinuous The earliest forms often have 
large siplvmcles , and are apparently more directly connected with 
primitive Endoceratida than with tlie Orthoceratidae. 

Protocycloceras Hyatt. Annulated orthoceracorios and cyrto- 
eeracones without longitudinal ridges. Siplmncle large. Typo 
P. ( Orthoceras ) lamarcki (Bill.). Ordovician. 

Gycluceras M‘Coy ( Dictyoceras , Heloceras Eichw.). Annulated 
orthoceraconcs and cyrtoceracones with discontinuous longitudinal 
ridges. Siplmncle generally tubular or with fusiform segments ; 
deposits when present irregular as in Orthoceras . Annuli often 
become obsolete m paragerontic stages. Ordovician to Permian. 

Lawsonocems Hyatt (Fig. 1112). Similar to Gy clocer as, but 
having prominent frilled bands of growth between and on the 
annotations, the frills sometimes forming more or less discon- 
tinuous longitudinal ridges. Silurian and Devonian. 

Gtenoceras Noetling. Cyrtoceracones like Dawsonoceras dulce 
(Barrande), but with fine longitudinal ridges between the annuli, 
and living chamber with three internal folds or processes — one 
median dorsan, and a pair on the venter. Siphuncle dorsad of 
centre. Ordovician. 


Family 3. Kionoceratidae Hyatt. 

Orthocemcones and cyrtoceracones with more or less well-marked continuous longi - 
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tudinul ridges , and either with or idthout annulations. Spinous processes or tubercles 
often appear at the intersections of the longitudinal and transverse bands of growth. 

Siphuncle with faintly nummuloidal , fusiform or tubular 
segments. 

Kionoceras Hyatt. Longitudinal ridges present as a rule 
only in tlie earlier stages, after wliich inconspicuous annuli 
appear, hut with some few exceptions become obsolete before 
the ephebic staga Silurian to Carboniferous. 

Spyroceras Hyatt. Very long, slender, annulated shells, 
with more or less prominent longitudinal ridges in the ephebic 
stage. Ordovician to Carboniferous. 

Thoracoceras Eichw. (Melia Eichw.) (Fig. 1113). Like the 
last, but with more or less spiAous longitudinal ridges. Silu- 
rian to Carboniferous. 

II. Plectoceratida Hyatt. 

Orthoceracones , gyroceracones , and very discoidal nautili cones 
with comparatively slight impressed none. Volutions of gerontic 
stage often have a centrifugal tendency, becoming sometimes 
straight and even bending slightly in the opposite or ventral direction. 
Shells annulated or costated , and often with longitudinal striae or 
ThoracK^ZrbuUtum fi”* especially in the young, but these, generally disappear 

(Barr.). Silurian (Stage before the ephebic stage. Siphuncular segments slightly num- 
K 0 d r ef ,BOhemia(after Keloidal, fusiform or tubular. 

Family 4. Tarphyceratidae Hyatt. 

Orthoceracones , cyrtoceracones , gyroceracones and nautilicones , compressed oval in 
section , venter narroioer than the dorsum. Shell smooth or sometimes with primitive fold- 
like costae. Siphuncle empty , tubular and ventrad of centre. 

Aphetoceras , Deltoceras , Barrandeoceras , Tarphyceras Hyatt ; Planctoceras , Eury- 
stomites Schroder; Falcilitnites Eemel4. Ordovician. (For descriptions see Hyatt’s 
Phytogeny , 1894.) Eurystomites and Tarphyceras are wholly nautilicones, the remain- 
ing genera are either cyrtoceracones or gyroceracones. 

Family 5. Trocholitidae Hyatt 

Nautilicones resembling those of the preceding family , and not easily distinguished 
from them in the young. As a rule they have excessively broad volutions with reniform 
section and an impressed zone at a very early age ; the siphuncle is then ventrad of the 
centre , but in the ephebic stage it is tubular and dorsad of centre. 

Schroederoceras, Litoceras, Trocholitoceras Hyatt ; Trocholites Conrad (Palaeo- 
nautilus, Palaeoclymenia Bemel4). Ordovician. Discoceras Barrande. Ordovician 
and Silurian. 

Family 6. Pleotoceratidae Hyatt. 

Gyroceracones , nautilicones and torticones having annular costae from the neanic 
stage until late in life , and in some genera , more or less prominent longitudinal ridges , 
which usually "disappear in the ephebic stage. Siphuncle ventrad of centre. 
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Plectoceras Hyatt. 





Ordovician and Silurian. B 'phyradoceras Hyatt (. Peismoceras , 
Systrophoceras Hyatt) (Fig. 

1114). Silurian and 
Devonian. The first is gyro- 
ceraconic, with some discoidal 
nautilicones, and the second is 
almost exclusively torticonic 
of the trochoceran type. 


Family 7. Ophidio- 
ceratidae Hyatt. 

Discoidal nautilicones , 
costated from the neanic stage 
onward. Volutions of the 
young small and numerous. 
Section during the ephebic stage 
generally compressed , venter 
narrower thorn the dorsum. 
Siphuncle tubular , small. 


Fig. 1U4. 


Ophidioceras Barr. (Fig. 
1115). Nautilicones with 

Sphyrailoeuras optatum (Barrando). Silurian straight lateral costae and 
(Etage E) ; Loclikow, Bohemia (aftor Barrande). raised hands Oil the venter, 

and longitudinal ridges in 
the young. Siphuncle dorsad or ventrad of centre during ephebic 
stage, but ventrad during the nepionic. 
Gerontic apertures with prominent dorsal 
and lateral crests, and very deep hypo- 
nomic sinus. Silurian. 

Homaloccras Whiteaves. Cyrtocera- 
cones with section similar to that of Ophi- 
dioceras, venter narrow and channelled, 
bordered by crenulated ridges ; the dorsum 
gibbous and rounded. Siphuncle near 
the venter. Devonian. 


Family 8. Lituitidae Noetling. 


Fid. 1115. 

Ophidioaeras simplex Barr. 
Silurian (Etage E); Lochkow, 
Bohemia, i/i (after Barrande). 


-■mem 



Excepting the 

mus , Cyclolituites, this is a 
series of phylogerontic uncoiled forms with 
an extreme modification in the almost 
completely uncoiled Bhynchorthoceras. 

Apertures quite distinct from those of the preceding family ; hyponomic 
dims shallower , there are narrow ventro-lateral crests , and small lateral 
dnuses and crests , some forms having altogether as many as five dnuses 
and five crests. Siphuncle tubular and usually large. 

GycloUtuites Kernel d ; Lituites Breyn (Fig. 1116); Angelinoceras , 

Holmiceras Hyatt. Ordovician. Ancistroceras Boll, and Rlvynchorthoceras Kemeld. 
Ordovician and Silurian. (For re-descriptions see Hyatt’s Phylogmy , 1894.) 


Fia. me. 

Lituites Utuus 
Monlf. Ordovician 
drift ; East Prussia. 
Va (after Noetling). 
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III. Pleuronautilida Hyatt. 

Comparatively smooth nantilicones, the primitive genera discoidal bat leading up io 
some highly involute shells in the Trias. The later Mesozoic and Tertiary shells nearly 
all deeply involute . Some of the Triassic Clydonautilidae have more sinuous sutures 
and a greater number of lobes and saddles than any other Nautiloids , and this 
complexity persists , although to a lesser degree , among the Jurassic , Cretaceous and 
Tertiary forms. Siphuncle tubular and small , with mostly short funnels except in 
Aturia , where they are very long. 

Family 9. Grypoceratidae Hyatt. 

Primitive forms have discoidal volutions with very simple sutures , but are succeeded 
by involute shells having more complete sutures. The latter have prominent ventral 
saddles sometimes divided by a lobe , and large lateral and dorsal lobes. All genera 
save one known to have annular lobes. Shells less highly ornamented than in preceding 
family , and sutures simpler than in the next following. 

Syrinyoceras Hyatt. Discoidal with primitive, approximately tubular, or slightly 
compressed volutions. Surface marked by longitudinal ridges, sometimes mtex*seeting 
the transverse lines so as to produce a cancellated surface. Sutures with faint ventral 
saddles, slight lateral and dorsal, and minute annular lobes. Siphuncle very small 
and near the venter. Trias. 

Crypoceras Hyatt Volutions more or less deeply involved, hut umbilicus open, 
the venter narrow and often channelled. Sutures with narrow, sometimes deep ventral 
lobe, broad, sweeping lateral lobes, and deep dorsal with annular lobes. Siplmncle 
dorsad of centre. Trias. 


Family 10. Clydonautilidae Hyatt. 


Shells have folds in some species , and all are deeply involute except the primitive genus 

Chjmenonautilus. Lateral lobes of sutures more 
or less deep and often sub-angular , suggestive of 
the Clymenidae among Ammonoids. Some highly 
specialised and involute species have the umbilical 
lobes exposed on the sides , and an additional 
pair of laterals developed near the venter , thus 
making three pairs of lobes on each side . The 
compressed volutions , narrow venter, and aspect 
of the young and primitive forms seem to in- 
dicate close affinity with the Grypoceratidae, but 
only a few species of late Mesozoic time .are 
known to have annular lobes. 

Chjmenonautilus Hyatt Smooth, discoidal 
shells with more or less compressed volutions, 
and narrow convex venter. Sutures with pro- 
minent ventral saddles, one pair of deep lateral 
lobes, and large marginal saddles. Siphuncle 
supposed to be near the venter. Type C . 
(Nautilus) ehrlichi (Mojs.). Trias. 

Clydonautilus Mojs. Deeply involved 
nautilicones with compressed volutions, narrow 
concave venter, and umbilicus small or closed. 
Sutures with prominent ventral saddles undivided by ventral lobes in adults Trias 



fio. mr. 

. Upper Jura; 
Franconia. 
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Hercoglossa Conrad ( Enclimatoceras Hyatt) (Fig. 1117). Deeply involute, with 
sutures like those m Glyphioceratidae, hut the ventral saddle not divided hy even the 
shallow lobe usually found in that family. Annular lobes present 
only in some species. Sipliuncle small, centren or dorsad of centre. 

Trias to Tertiary. 

Pseudonautilns Meek Similar to Hercoglossa , but with lobes 
on the venter, and two saddles on either side. Large annular 
lobes present. Jura. 

Aturia , Broun (Fig. 1118). Similar to Hercoglossa , but with 
large siphuncle close to the dorsum from an early stage onward, 
and funnels very long and larger than in any genus of Mesozoic 
or Tertiary Nautiloids. Eocene and Miocene. 

IV. Ryticeratida Hyatt. 

Gyrtoccraconcs , gyrocerucunes and naubiliconcs having shells 
covered with more or less projecting bands of growth which often 
become sinuous or develop into spout-like spinose , or nodose promi- 
nences. In the more specialised shells these are apt to be confined 
to the venter. The frills in the bands often form coarse longitudinal ridges. Siphuncle 
tubular or slightly nummuloidal , and commonly ventrad of centre. 

Family II. Halloceratidae Hyatt. 

Orthoceracones and cyrtoccracones having depressed elliptical or sub-trigonal sections , 
venter broader than the dorsum . Shell with closely set and frilled projecting bands of 
growth, having large ring-like bands at intervals that sometimes expand so as to form 
wide collars. The highly specialised nantiliconcs may have a row of large nodes on 
cither side springing from the bases of large spout-like spines. Siphuncle tubular , small, 
and near the venter. 

Zitteloceras Hyatt. Cyrtoceracones of depressed elliptical section, the venter 
narrower and more gibbous than the dorsum. The layers finely frilled and closely 
set m the intervals between more prominent annular bands. Ordovician to Devonian. 

Halloceras Hyatt. Gyroceracones of sub-trigonal section, the venter broad and 
dorsum sub-angular, with one row of large nodes at each of the ventro-lateral angles. 
Devonian. 

Family 12. Ryticeratidae Hyatt. 

Gyrtoceracones and gyroceracones resembling Halloceratidae , but much larger, with 
coarser crenulated bands, and often with rows of spout-like spinous processes which some- 
times form coarse longitudinal ridges. Siphuncle more or less nummuloidal, and larger 
than in the Halloceratidae. 

Byticeras Hyatt (Rutoceras Hyatt), Gophinoceras , Strophiceras Hyatt. Devonian. 

V. Rhadinoceratida Hyatt. 

Gyrtoceracones, gyroceracones and nautilicones having smooth or spinous longitudinal 
ridges in the young , which become large and fluted in some genera, but disappear in 
others. Ridges more or less sporadically combined with fold-like annulations, thus 
suggesting direct descent from the Kionoceratidae. 

Family 13. Rhadinooeratidae Hyatt. 

Primitive discoidal gyroceracones and nautilicones with stout volutions, circular or 
depressed elliptical in section, but becoming reniform in later stages of nautilicones . 



Fid. ins. 


A tuna atnvi (Bast.). 
Miocene; Bordeaux. 
Shell broken open to 
show siphonal funnelH. 
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Shells with longitudinal ridges and sometimes annular folds in the young, hut often 
smooth in the cphebic stage. Sutures with ventral , lateral\and dorsal lobes, or almost 
straight. Siphuncle nummuloidal and often dorsad of centre. Annular lobes known to 
be present in specialised forms. 

Rhadinoceras, Nephriticeras Hyatt. Devonian. 

Family 14. Trig-onoceratidae Hyatt. 

Gyroceracones and nautilicones having at some stage or throughout life trigonal 
volutions, a more or less concave venter, and generally fluted shell. Sutures with ventral 
saddles in the young, becoming divided by shallow lobes in later stages, and in some genera 
the dorsal lobes of the young become divided subsequently by dorsal saddles. Geronlic 
living chamber occasionally free near the aperture. Annular lobes observed in only one 
species (. Apheleceras disciforme). Young have longitudinal ridges roughened by transverse 
bands as in Thoracoceras. Siphuncle small , ventrad of centre. 

Trigonoceras M c Coy ; Coelonautilus Foord ( Trematodiscus Meek; Trematoceras 

Hyatt) ; Subclymenia d’Orb. ; Stroboceras, 
Apheleceras, Diorugoceras, Ephippioceras 
Hyatt. Carboniferous. All nautilicones 
but tbe first, which is gyroceraconic. 

Family 15. Triboloceratidae Hyatt. 

Gyroceracones and nautilicones similar 
to Tricjonoceratidae, and with concave 
venter at an early stage or until late in 
life. The venter afterwards becomes more 
or less elevated, and in most species convex. 

Sutures also similar, but annular lobes 
are present in all the nautilicones save 
Ooloceras. 

Triboloceras Hyatt; Vestinautilus Kyckh. (Fig. 1119); Planetoceras, ttearoceras, 
Ooloceras Hyatt. Carboniferous. 



Family 16, Rhineceratidae Hyatt. 


Gyroceracones and nautilicones like Thoracoceras in nepionic stage, but subsequently 
becoming foangular in section, and gmerally developing solid , more or less tetragonal, 
volutions. Longitudinal ridges and flutes also developed, but are more uniform in me 
than in the preceding family, and venter is always convex. Annular lobes present in 
all nautilicones so far as known. 


Ehmeceras, Lispoceras, Thrincoceras, Phloioceras, Discitoceras Miscites 
Leuroceras, Phacoceras Hyatt. Carboniferous. 


M'Coy), 


VI. Hercoceratida Hyatt. 

?™ jecHn9 bmds 3 row th and processes similar to those of 
TZ IrJSTT *“* leSS num f rous > tein 9 present in only one row, and evoki/g 
more rapidly into nodose or symmetrical, spout-like, spinous processes. More specialised 
forms are tubercuMed as in Byticeratida, but thirl are neler more tCthfeeTowsZ 

a^hTm^hTilt 7 ?"*,"* r i e9Ul<lrk ^^tecL-one on the wnUUcal shouldJ, 
another on the vmtro-lateral angle, and the third close to the median ventral Li 
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Annular lobes absent ex, cep, in a few Triassic forms. Siphuncle generally more or less 
numnnloiihtl 


Family 17. Hercoceratidae Hyatt. 


Gyrtoceracones , gyroceracones , nautilicones and torticones having depressed elliptical 
sub-quadrate or trapezoidal sections. Aperture has two deep sinuses with projecting edges 



(after Barrande). (after Bariundo). 


at the ventro-lateral angles , and these are usually persistent , forming two lines of more or 
less spout-like processes. Sutures with ventral , lateral and dorsal lobes. Siphuncle 
ventrad of centre. 

Kercoceras Barr. (Fig. 1120), Trochoceras Barr.; Ptyssoceras, Ptenoceras (Fig. 1121), 
Anomaloceras Hyatt. Devonian. 

Family 18. Tainoceratidae Hyatt. 

Discoidal nautilicones^ with more or less massive volutions which at some stage or 
throughout life are trapezoidal in section , tulerculated } and mthout well-defined lateral 
and umbilical zones. Sutures have ventral , lateral and dorsal , but no annular lobes. 
Spinous processes are complete , never spout-liJce. Siphuncle mall , tubular. 

Tmnochdlus M‘Ooy (Endolobus Meek and Worth ; Gryptoceras d’Orb.). Section 
trapezoidal throughout life, and one row of persistent spines and nodes on cither 
side at the ventro-lateral angles. Devonian to Carboniferous. 

Foordiceras Hyatt Permian. Metacoceras and Goelogasteroceras Hyatt. Carboni- 
ferous. Diadiploceras Hyatt. Devonian. Tainoceras Hyatt. Carboniferous, 

Family 19. Centrooeratidae Hyatt 

Gyroceracones and nautilicones with yoimg similar to early stages of Temnoclidlus 
before the impressed zone is formed. Shell subsequently becoming tetragonal in section ,, 
the venter is flattened or concave , and dorsum remaining convex u/niil a late stage. 
Nautilicones have a persistent convex centran area in the impressed zone. No annular 
lobes known , 
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Centroceras Hyatt. Devonian to Carboniferous. Tetragonocems Whi leaves. 
Devonian. 

Family 20. Pleuronautilidae Hyatt. 

More or less discoidal nautilicones with stout volutions and large umbilical perfora- 
tions ; the young, especially in primitive species, remaining cyrtoceracones until a late 
stage. More specialised shells are costated and tuberculated on the sides. Sutures have 
annular lobes except in Pselioceras. Siphuncle ventrad of centre in the young, but 
becoming dorsad in later stages. 

Pselioceras Hyatt. Permian. Pleuronautilus Mojs. ; Encoiloceras, Enoploceras, 
Anoploceras Hyatt Trias. 

VII. Koninckioceratida Hyatt. 

Nautilicones with biangular sections at an early stage of growth, developing later 
into modified trapezoidal outlines as in many of the Hercoceratida, but shells are smooth, 
and the trapezoidal form as a rule evolves during the phytogeny into quadrangular, and 
finally into involute coils with compressed sections, or may become simply more or less 
trigonal through elevation of the venter. Annular lobes present in most genera. 
Aperture constantly open, and in some forms remarkable lateral projections are developed 
during the gerontic stage. 

Family 21. Koninckioceratidae Hyatt. 

Shells of primitive forms similar to Temnocheilus , but leading into those with 
tetragonal sections, and finally into highly compressed volutions. All are smooth and 
have marked umbilical saddles. Volutions with broad umbilical zones which become 
lateral in the more involute species. Siphuncle ventrad of centre. 

Koninckioceras, Domatoceras Hyatt Carboniferous. Potoceras Hyatt Devonian (?). 
Stenopoceras, Peripetoceras Hyatt. Permian. 


Family 22. Solenocheilidae Hyatt 

Compressed elliptical in section during early stages, but full-grown of primitive forms 
and young of specialised derivatives have a more or less trigonal section in neanic stage , 
Later this stock evolves shells with volutions having depressed elliptical or broadly hemi- 
spherical outlines. Sutures generally have large ventral saddles, and saddles on the 
umbilical shoulders. Umbilical zone very broad, the increase by growth of the dorsum 
being remarkably rapid. Shells smooth, but the aperture in the gerontic stage may develop 
peculiar lateral projections, especially at the umbilical shoulders, which are usually very 
prominent. Siphuncle sub-ventran . 

Aipoceras, Oncodoceras Hyatt ; Asymptoceras Kyckholt ; Solenocheilus Meek. 
Carboniferous. Pteronautilus Meek. Permian. 

Acanthonautilus Foord. Nautilicones with sub -hemispherical volutions, the dorsum 
flattened or concave. Aperture developing laterally into two projecting Rpines at the 
umbilical shoulders. Carboniferous. 


VIII. Digoniooeratida Hyatt 

Primitive forms constantly retain depressed volutions having a more or less biangular 
or sub-tngonal section } specialised shells repeat these stages %n the young, but subsequently 
become more involute , and the sections change to reniform, sub-quadrangular or sub- 
elliptical. Shells smooth except in the single genus Cymatoceras. Aperture simple and 
open at all stages ; gerontic living chamber only slightly contracted. 
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Family 23. Estonioceratidae Hyatt. 

Gyroceracones and discoidal nautilicones having slightly depressed , broad, rapidly 
increasing biangular sections in the young , but becoming depressed oval or depressed 
sub-trigonal in later stages. Siphuncle variable in position. 

Estonioceras Noetl. Ordovician. Edaphoceras , Remeleoceras , Lophoceras Hyatt; 
Biodoceras Hyatt. Type B. (Endolobus) avonense (Dawson). Carboniferous. Bigonio- 
ceras Hyatt. Jura. 


Family 24. Nautilidae Owen. 


Nautilicones with more or less involved volutions , the siphuncle slightly nummuloidal 
and variable in position , but never near either the dorsum or venter except in the young, 
when it is frequently either near the dorsum or is centren. Biangular stage much 
abbreviated or absent , the trigonal stage pres&nt in 
most shells for a more or less prolonged period , but 
developing invariably by spreading of the venter into 



Fin. 1122. 

Nautilus pomplliun Linn. 
Rocont. Portion of conch .showing 
linear cicatrix at apical end (after 
Hyatt). 



Fid. 1123. 

Apical chamber and first 
volution of N. pompUiux, 
sectioned longitudinally. 
n, Siphuncle; c, Blind 
origin of caecum; x, Empty 
space or umbilical perfora- 
tion (after Branco). 


Fju. 1124. 

Nautilus intermedins Sowb. Middle 
Lias ; Hinterweiler, Wurtcmberg. 


tetragonal, reniform or hemispherical outlines . Never decidedly dis- 
coidal, although the umbilicus is often open. More specialised forms 
have a minute umbilicus, and in some cases it is completely hidden 
during the ephebic stage, although invariabl/g open in the young . 
Zone of impression present on the dorsum before the whorls are in 
contact. Annular lobes often developed at an early stage, but liable 
to disappear in the adult ; absent in some Tertiary species. 

Cenoceras Hyatt. Jura. Gymatoceras Hyatt. Cretaceous, 
j Eutrephoceras Hyatt. Cretaceous and Tertiary. 

Nautilus Linn. (Figs. 1122-1125). The young resembling 
adults of Bigonioceras until a late stage, and adults of primitive 
species (like N. umbilicatus) similar to Cenoceras. Sutures slightly 
inflected, with faint ventral lobes; annular lobes present Volu- 
tions sub-globose, and umbilical perforation comparatively large. 
Siphuncle centren in the apical camera, but later becoming ventrad 
of centre. Tertiary (?) to Kecent. 



Fin. 1125. 

Nautilua gelnitzi 
Pictet. Tithonian ; 
Slramborg, Moravia. 
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Suborder E. CYKTOCHOANITES Hyatt. 

Shells varying from orthoceracones to nautilicones, none of them highly ornamented , 
although some are annulated or costated, and in rare cases slightly nodose. Sutures as a 
rule simpler than in the Orthochoanites. Siphuncle varies exceedingly , passing from tubular 
in the young , and even in the full-grown of primitive forms, to highly nummuloidal in the 
adults of specialised genera, or again in some groups retaining constantly its primitive 
character. The funnels, however, are as a rule bent outward or crumpled, and generally 
short. 

I. Annulosiphonata Hyatt. 

Mostly orthoceracones and cyrtoceracones, with a few gyroceracones and veiy rarely 
nautilicones , the last-named being invariably discoidal. Apertures constantly open. 
Siphuncle may be empty, but organic deposits when present always gathered about or 
encrusting the funnels as hollow or solid internal rings. Deposits sometimes sufficient to 
form more or less annulated mdosiphuncles, the rings being opposite the camerae, alter- 
nating with the septa, and extending outwardly. 

Family 1. Loxoceratidae Hyatt. 

Smooth orthoceracones and cyrtoceracones similar to the Orthoceratidae , but siphuncle 
distinctly nummuloidal, and funnels very short and crumpled. Deposits not uncommon, 
but irregular, and only irregular endosiphuncles occasionally formed. 

Loxoceras M‘Coy (Sactoceras Hyatt). Mostly orthoceracones, circular or elliptical 
in section. Siphuncle supposed to be tubular in the young, but highly nummuloidal 
in later stages, centren or near the centre. Septa invariably single, and camerae 
empty. Ordovician to Carboniferous. 

Campyloceras M‘Coy (Aploceras d’Orb.). Breviconic cyrtoceracones or orthocera- 
cones with smooth or finely ridged shells, circular or depressed elliptical in section. 
Siphuncle centren or ventrad of centre. Carboniferous. 

Family 2. TJranooeratidae Hyatt. 

Cyrtoceracones, gyroceracones and nautilicones, with stout volutions. Siphuncle in 
primitive forms highly nummuloidal, but invariably empty ; in nautilicones it has less 
nummuloidal segments, and is uniformly ventrad of centre, but not near the venter . 
Sutures with ventral saddles, lateral lobes, and also dorsal saddles in primitive forms as 
well as the young of all shells. Ventral and dorsal lobes arise subsequently in the 
ontogeny of nautilicones. ' 

Uranoceras Hyatt. Stout, more or less breviconic cyrtoceracones, compressed 
elliptical or sub-quadrangular in section. Sutures with broad ventral saddles, lateral 
and dorsal lobes. Siphuncle large, nummuloidal, centren or ventrad of centre. 
Devonian and Carboniferous. , 

Gigantoceras Hyatt Gyroceracones similar to the preceding, but having longer 
living chambers and more compressed volutions. Includes the largest known Nauti- 
loid shells. Type Q. ( Gyroceras ) inelegans (Meek). Silurian. 

Family 3. Actinoceratidae Saemann. 

Orthoceracones and cyrtoceracones with siphuncle more or less filled by rings of 
organic deposits, and having an endosiphuncle in the central axis. Camerae may be 
empty or filled to various degrees with organic deposits, even to the extent of solidifying 
the entire shell previous to the gerontic stage. Shells smooth or annulated, but not longi- 
tudinally ridged, at least in the latter stages. 
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Actinocems Broun. (Figs. 1 126-1127). Orthoceracones and cyrtoceracones of usually- 
depressed elliptical section, with, large, excessively nummuloidal siphuncle. Funnels 
very short and crumpled, sheath almost globular. In- 
ternal deposits contracting the central axis into an 
annulated endosiphuncle with tubuli radiating from the 
annuli. Septa often double, with an interspace between 

the two layers near the 
siphuncle, but solid near 
the shell. Ordovician 
to Carboniferous. 

Subgenera : Ormo- 

ccras Stokes (Fig. 1128). 





Fra U20. 

A ctinoceras cocihlratum (Sclilotli ). 
Silurian; Gotland. Abraded frag- 
ment showing single septa and thick 
annulated endosiphuncle. Va- 


Fig. 1127. 

Actinoceras vprtfbratuin Hall. 
Silurian; Lockport, New York. 
Longitudinal section showing 
organic deposits of siphuncle 
(alter Bairande). 


Fig. 1128. 

Actmornras ( Ormocrras ) ImyficMi 
Stokes. Ordovician ; Longitudinal 
section showing organic deposits 
of siphuncle partly dissolved away 
(after Stokes). 


Ordovician to Carboniferous. Par actinoceras Hyatt (Fig. 1129). SliellB longer and 
more slender than in the preceding, large siphuncular segments confined to early 
stages, and very long living chamber. Type P. (Sactoceras) 
mnadense (Whiteaves). Silurian. 

Cyrtadinocwas Hyatt Type G. ( Gyrtoceras ) rebelle (Bair.). 
Ddroceras Hyatt; Huronia Stokes (Fig. 1130); Liscosorus 
and Gonioceras Hall. Silurian. 

(?) Tretoceras Salter. Orthocera- 
cones having a centren nummuloidal 
siphuncle, similar to that of Adi- 
noceras but smaller, and with a 
superficial tubular siphuncle (so- 
called), having very long but not 
Holochoanoidal funnels. Sheath not 
yet shown to be present It is pos- 
sible that the structure referred to 
is a peripheral pseudo - siphuncle 
formed by abnormal condition of the 
septa. Silurian. 



Fig. 1120 

Actinoceras ( Pumdbnoceratt ) 
downs (Barr) Silurian (B); 
Dvoretz, Bohemia. Vertical 
section showing senile stage 
without organic deposits, 
preceded by adult stage with 
siphuncular rosettes (after 
Barrande). 



Fig. 1130. 

Huronia vertebralis 
Stokes. Ordovician; Isle 
Drummond, Lake Huron. 
Siphuncle. 


II. Actinosiphonata Hyatt. 


Orthoceracones , cyrtoceracones , 

gyroceracones , and a few discoidal 
nautilicones . Shells frequently breviconic , in which case the gerontic living chambers and 
apertures are more highly contracted than in all other ISfautiloids. Siphuncle sometimes 
empty ; organic deposits , when present , in the form of laminae radiating from the sheath 
VOL. I 2 R 
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of each segment towards the interior. These internal calcareous septa are united only in 
their peripheral parts , not meeting at the central axis so far as known , and also liable 
to be more or less interrupted in the transverse plane of each funnel. The interior is 
consequently an actiniform endosiphnncle with rays extending outwardly between the 
laminae of the deposits. 

Family 4. Jovellanidae Hyatt. 

Orthoceracones and cyrtoceracones with slightly compressed oval , or depressed and 
more or less sub-trigonal sections. Shells smooth or partially annnlated. Siphuncle large , 
with well-developed actiniform lamellae , and distinct endos/iphuncles. Aperture open and 
living chamber uncontracted in the gerontic stage. 

Includes Jovellania Bayle; and Tripleuroceras Hyatt. Silurian and Devonian. 
Mixosiphonoceras Hyatt. Type M. ( Gyrtoceras ) desolatum (Barr.). Silurian and 
Devonian. Projovellania Hyatt. Type P. ( Gyrtoceras ) athleta (Barr.). Silurian. 

Family 5. Bizoceratidae Hyatt 

Orthoceracones and cyrtoceracones expanding regularly by growth throughout life , the 
living chamber very slightly or not sensibly contracted in the gerontic stage. Aperture con- 
stantly open , and with slight dorsal as well as somewhat deeper and 
broader hyponomic sinuses. Siphuncle generally small and empty , 
but actiniform lamellae and an endosiphuncle sometimes occur. 
Shells as a rule smooth or with transverse bands only , but longitu- 
dinal striae are often present in earlier stages. 

Bizoceras Hyatt (Fig. 1131). Orthoceracones and exo- or 
endogastric cyrtoceracones having circular or elliptical sections. 
Living chamber extraordinarily large and long as compared with 
camerated part. Silurian to Carboniferous. 

Gyrtorizoceras Hyatt. Sections more com- 
pressed than in Bizoceras , living chamber 
shorter and apt to be more or less laterally 
compressed in gerontic stage, hut the dorso- 
ventral diameters only very slightly so or not 
Fig. H 31 . at all. Sutures more sinuous, and with decided 
Rizaoeras robustum ventral and dorsal saddles. Type G. ( Gyrtoceras ) 

Butomtzf Uo SSeS! Minneapolis (Clarke). Ordovician and Silu- 
Aperture open, i/* rian. 

Family 6. Ooceratidae Hyatt. 

Orthoceracones and gyroceracones with closehj set septa and 
large nummuloidal siphuncle in later stages of the ontogeny , but ooce.ras ( Cyrtocems ) 

tubular in the young . Actiniform deposits oftener present than in ^^ochkow BohwSa 
the Bizoceratidae , but not general. Funnels very variable , sometimes [Ster Barmnde). ° emia 
minutely plicated or hook-like in section , confined to dorsal side of 
tube, or sometimes absent altogether. Living chamber short and like that of Gyrto- 
rizoceras ; aperture not infrequently sub-trigonal in outline , but always open. 

Ooceras Hyatt ( Oonoceras Hyatt) (Fig. 1132). Cyrtoceracones more elongated 
and usually more compressed than in Gyrtorizoceras, but otherwise similar except in 
structure of the siphuncle. Septa rise rapidly on ventral side, and may bend sha rply 
orad, forming a funnel ridge or shoulder on that side, but disappearing on the 
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opposite side of the same funnel. When the funnel itself is absent, the ridges look 
like reversed funnels or collars. Silurian. 

Gyrtoceras Goldf. Large exogastric, breviconic cyrtoceracones ; sections depressed 
elliptical or approximating to trigonal, the dorsum more or less flat, and venter 
elevated. Aperture contracted in gerontic stage to a T-shaped opening, and placed at 
an acute angle with the central axis, so that the dorsal side is very much shorter than 
the ventral Siphuncle large, nummuloidal, with well-developed actiniform lamellae, 
and with an endosiphuncle in later stages of ontogeny. Devonian. 

Family *7. Oncoceratidae Hyatt. 

A phylogerontic group of breviconic orthoceracones and cyrtoceracones similar to 
Gyrtorizoceras , but shells much shorter and living chamber usually contracted , especially 
in their transverse diameters during the gerontic stage . Siphuncle tubular or highly 
nummuloidal , without deposits. 

Ercmoceras Hyatt. Cyrtoceracones similar to Gyrtorizoceras, but living chambers 
longer, and aperture more or less flaring and open. Siphuncle more or less nummu- 
loidal. Type E. ( Gyrtoceras ) syphax (Bill.). Ordovician. 

Gyclostomiceras Hyatt. Slender, short, exogastric orthoceracones and cyrtocera- 
cones, circular or compressed in ^section. Living chamber as compared with camerated 
part longer and larger than in most forms, less contracted, and with open aperture in 
gerontic stage. Type G. ( Gomphoceras ) cassinense (Whitf.). Ordovician to Devonian. 

Oncoceras Hall. Compressed exogastric cyrtoceracones with sections like Gyrtori- 
zoccras, but shells as a rule much shorter and smaller, and siphuncle more distinctly 
nummuloidal. Living chamber also more flattened laterally, the aperture elongated 
and often sub-trigonal, but typically open. Ordovician. 

Subgenus : Meloceras (Melonoceras) Hyatt. Similar to the last, but lateral edges 
of the gerontic aperture grow inwards, and form pear-shaped outlines. Silurian. 

Family 8. Poterioceratidae Foord. 

Smooth , breviconic orthoceracones and cyrtoceracones having circular or depressed 
elliptical sections. Gerontic aperture , except in primitive forms , is contracted and apt to 
assume a sub-trigonal outline ; it is laterally narrowed and approximates those of the 
next family only in Streptoceras. OutUnes of aperture entire ; sutures straight or only 
slightly sinuous. Siphuncle in this and remaining families , so far as "known , slightly 
nummuloidal and empty in the young, but becomes larger ; in specialised forms it is apt 
to be more or less filled with radiating lamellae, and in late stages has an endosiphu/ncle. 

Glinoceras Mascke. Ordovician to Devonian. Sycoceras Pictet. Devonian. 

Poterioceras M £ Coy (Apioceras Fischer ; Acleistoceras Hyatt). Orthoceracones and 
exogastric cyrtoceracones, short and stout, with sub-trigonal gerontic aperture. Brachial 
area not decidedly differentiated from the hyponomic sinus, and contraction may take 
place in all diameters or more extensively in the lateral. Ordovician to CJarboniferous. 

Streptoceras BilL Like the last but more arcuate, with laterally contracted 
aperture, and a short hyponomic sinus distinct from the brachial area. Silurian. 

Family 9. Trimeroceratida© Hyatt. 

Smooth breviconic orthoceracones and cyrtoceracones similar to Poterioceras in aspect 
and sutures , but more slender, especially in the young, and aperture very distinct in 
primitive forms. Even the latter usually have the brachial distinctly marked off from 
hyponomic area by ingrowth of sides of the aperture , and in all specialised shells the 
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hyponomic sinus and special inflections known as “ brachial sinuses "fore jc orme g t ] } y bases 
of the arms on edges of the brachial area. Finally , the aperture becomes redn, CC( i g 0 a more 
or less Y- or T-shaped figure , with an open semicircular sinus at the end of the N hyponomic 
slit or area % and similar sinuses in the edges of the brachial slit , corresponding t 0 ihe 
number of arms . Silurian. \ 

\ 

Mandaloceras Hyatt (Dimorion Barr.) (Fig. 1133). Differs from Poterioccras\^i 
the geTontie aperture, which is laterally contracted, and has hyponomic and brachial* 
areas distinctly differentiated in all but the most primitive species. More specialised 
forms have these areas narrowed down, but special sinuses are not formed. 

Trimeroceras Hyatt ( Trimorion , Trimeres Barr.) ; Pentameroceras , Septameroceras 
Hyatt. Silurian. Aperture in the first has a median and 
two brachial; in the second a median and four brachial; 
and in the last a median and six brachial sinuses. 


n 


MandaZoceras (Gomphoceras) bohcmicum (Barr.). Silurian (Etage E) ; 
Dvoretz, Bohemia. A, Side view of conch. B, Aperture. 



Tetramerocrrafi panderi 
(Barr.). Silurian (E); Dvoretz, 
Bohemia, l/i (after Baramdo). 


A 



Fig. 1133. 


Hemiphragmoceras Hyatt. Compressed endogastric cyrtoceracones having a 
narrowed hyponomic area like Phragmoceras, but with brachial areas as m Dimeroceras. 
Type H. (Phragmoeeras) pusillum (Barr.). 

Tetrameroceras Hyatt (: Tetramorion , Tetrameres Barr.) (Fig. 1134). Like the last, 
but with more highly contracted aperture and four lateral sinuses. 

Hexameroceras Hyatt. Brachial area with six lateral sinuses. Octameroceras 
Hyatt Brachial area with eight lateral sinuses. Type 0. (Phragm.) callistoma (Barr.). 


Family 10. Phragmoceratidae Hyatt. 

Smooth breviconic cyrtoceracones and gyroceracones rapidly expanding by growth in 
their dorso-ventral diameters , and having open apertures onl/y in primitive types or the 
young and ephebic stages of more specialised forms. In the latter gerontic apertures are 
laterally contracted and have a very long hyponomic area terminated by a large 
hyponomic sinus . The brachial area may be more or less open and elliptical , or 
narrowed and transversely elongated , but always has an entire outline. Siphuncle 
generally large , nummuloidal , and often has actiniform lamellae and endosiphuncles in 
later stages. Shells mostly endogastric. 

Godoceras Hyatt Excessively short and rapidly expanding cyrtoceracones like 
some species of Fizoceras , hut with large living chambers, narrow venter, and large 
siphuncle just ventrad of centre. Aperture constantly open. Type 0 . ( Oyrtoceras ) 
domitum (Barr.). Silurian. 

Protophragmoceras Hyatt (Fig. 1136). Similar to the last, but form more com- 
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pressed, and siplmncle near the venter (internal). Differs from PJvragmoceras in 
having aperture open throughout life. Type P. ( Gyrtoceras ) 
murchisoni (Barr.). Silurian. 

Gomyhoceras Sowb. Stout short orthoceracones and 
cyrtoceracones similar to some species of Phragmoceras , but 
straighter, stouter and less compressed in form, and gerontic 
aperture less contracted laterally. Hyponomic sinus 
shorter, and curvature exogastric. Ordovician and Silurian. 

Phragmoceras Sowb. (Figs. 1136, 1137). Compressed 
endogastric cyrtoceracones and gyroceracones, oval in 
section, and venter narrowly rounded. Siphuncle large 
and near the venter (internal). Gerontic aperture much 
contracted laterally, the hyponomic area very long and 
narrow. Silurian. 

Incertae Sedis. 



Fia. 1135. 

Nothoceras Barr. Represented by the single species N. protophragmoceras murchisoni 
bohcmwim Barrande, in which the septum tons orad, xSchkow } Bohemia. ^. ge ^ ’ 
forming an inverted funnel This funnel connects with 

a more or less inflated sheath that closed the siphuncle, and connected it with the 
distal opening of the next succeeding septum, thus completely reversing the relative 
positions of funnels and sheaths in other forms The appearances as described by 




Fig. use. 

Phragmoceras lyrodmpi Barr. Silurian (iStago E) ; Lochkow, Bohemia. 
1/2 (after Barrande). 


Fia. 1137. 

Phragmoceras loxmi 
Barr. Silurian (1) ; Loch- 
kow, Bohemia. Section 
showing lamellar organic 
deposits (after Barrande). 


Barrande are not deemed sufficient to prove the truth of this statement, and it is 
unsafe to accept it absolutely until the development has been studied. The cavity is 
divided by radiating lamellae running longitudinally as in the Actinosiphonata. 
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Range and Distribution of the Nautiloidea. 

Fossil Nautiloidea have been recorded by Billings as occurring in Canada earlier 
than the Quebec Group, but his statement lacks confirmation. An abundant Ceplialo- 
podan fauna makes its appearance in the earliest Quebec or Calciferous, and is quite 
distin ct from other later assemblages. Diphragmocems and other orthoceracones and 
cyrtoceracones with very peculiar siphuncles occur here, but gyroceracones and nautili- 
cones are absent. However, the information we have at present of this fauna is 
limited, and but few positive conclusions can be drawn. 

All the suborders of Nautiloidea are initiated in the Ordovician, and one of them, 
Schistochoanites, is confined to this period. Holochoanites and Mixochoanites become 
extinct in the Silurian, and only Orthochoanites survive the Paleozoic. The sub- 
orders that disappear at this early date are remarkable for their complicated siphun- 
cular structure, and peculiar sigmoidal septa observed in the gerontic living chambers 
of certain forms (. Ascoceras , G-onioceras ), while their prevailing habit is gyroceraconic. 
The sigmoidal septa do not become complicated in correlation with closer coiling of the 
shell, but occur in cyrtoceracones correlating with highly compressed cones, and in 
orthoceracones correlating with strongly depressed cones. 

The older classifications recognised the straight orthoceracones, curved cyrtocera- 
cones, loosely coiled gyroceracones, and more closely coiled nautilicones as distinct 
natural divisions. Although it is possible to employ the habit of curvature in con- 
junction with family groups as a convenient means for tracing laws of distribution and 
the like, yet for more accurate data the genera must be considered independently. 
For instance, some families made up largely of gyroceracones and nautilicones also 
contain a few orthoceracones and cyrtoceracones, and these have to be neglected in 
estimating the relative proportions of straight and coiled conchs. Other sources of 
error are presented by sporadic uncoiled or gerontic forms which occur in families 
having coiled shells. In a general way, however, it is possible to state the morpliic 
succession as follows : — 

Orthoceracones, together with their almost invariably associated cyrtoceracones 
exceed gyroceracones in the Quebec in the proportion of three families to one, and this 
horizon contains but one family of closely coiled nautilicones, and one of the uncoiled 
or gerontic type. In the Ordovician are found no less than fourteen families having 
straight or approximately straight shells, as against seven families of gyroceracones and 
nautilicones. Thereafter until toward the close of the Paleozoic, the proportions of 
straight and coiled forms remain approximately equal. The Permian has but one 
surviving family of orthoceracones, and four of the coiled groups ; in the Trias the 
ratio is one to six, and in the Jura coiled forms alone persist. Thus, a slowly working 
tendency is apparent, leading to the production of more and more closely coiled cones, 
and the elimination of straight and slightly curved forms. Gyroceracones disappear 
with the Carboniferous, and the more discoidal nautilicones with the Trias. 

Some curious features are presented by the phylogerontic or uncoiled shells. Only 
one family, the Silurian Lituitidae, have all the genera uncoiled save the probable 
ancestral close-coiled type. Other families have isolated genera or species exhibiting 
similar tendencies, and becoming partially uncoiled during their later stages, although 
close-coiled in the young. Such forms occur throughout the Devonian, but none have 
yet been found in the Carboniferous, where uncoiling of the volutions, when it 
occurred, took place earlier than the gerontic stage. From the Mesozoic and later 
horizons, no species is known in which the gerontic stage is to the slightest degree 
uncoiled. 

Torticones are more aberrant than any other conchs, and may be best classified as 
phylogerontic forms, since tendencies toward unsymmetrical development of the 
volutions occur in the gerontic stage, and are genetic in but a few genera, where they 
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appear during the early stages and are preceded so far as known by a symmetrical 
volution. The first manifestation of torticones is in the Ordovician, and their acme is 
attained during the Silurian. As regards ornamentation, annulated shells appear in 
the Caloiferous, and those with longitudinal ridges later in the Ordovician, together 
with tuberculated and costated gyroccracones and nautilieones. The last-named, how- 
ever, are much more abundant in the Devonian and Carboniferous, after which they 
disappear. Very highly ornamented shells exist in the Trias, but following this 
period the conchs are smooth. 

Very striking is the marvellously sudden rise of the Nautiloidea as a group, 
reaching its maximum in the Silurian, and followed by a decline extending from the 
Devonian to the Trias. Then the forces acting unfavourably upon their existence 
were arrested, or their violence lessened, and the group has been affected by only very 
slight changes, and an exceedingly slow process of retrogression until the present time. 
The acme of siphuncular differentiation occurred in the Ordovician, of general morphic 
diversity in the Silurian, of ornamentation in the Devonian, and of sutures in the 
Trias. 

Geographically considered, some facts of distribution are of general interest. The 
fauna of the Quebec or Calciferous, which in Newfoundland, Canada, Vermont, and 
the vicinity of Poughkeepsie, New York, is rich in fossil remains, is represented by 
a few camerated conchs in the Durness Limestone of Scotland. Holochoanites and 
Schistochoanites 'are most plentifully represented in the American faunas, but Mixo- 
choanites very sparsely so, at least as compared with the Ordovician and Silurian of 
Bohemia. The same is true of the Lituitidae, Ophidioceratidae and Hercoceratidae 
among Orthochoanites, and of the Jovellanidae, Trimeroceratidac, and kindred families 
among the Cyrtochoanites. The Devonian and Carboniferous faunas of America 
and Europe are nearly on a par, but the Permian of the western hemisphere is 
very deficient in Nautiloid remains. The Jurassic faunas of America have so far 
yielded but one specimen of a Nautiloid, but they were probably present to some 
extent, since they are represented in the Cretaceous of this country. During the 
Cretaceous and Tertiary the principal distribution of the Nautilidae was in the 
eastern hemisphere, and the last surviving species of Nautilus are now restricted to 
oriental waters. The following table shows the range of the leading Nautiloid 
families. 

[The systematic portion of the foregoing chapter on Nautiloidea was revised for the first 
edition of this work by the late Professor Alpheus Hyatt. In the earlier edition some nine- 
teen new genera of fossil Nautiloids were proposed by Professor Hyatt, as well as many new 
genera of Ammonoids. The type species of these new genera were designated, but the author's 
intention to publish suitable generic diagnoses has remained for the most part unfulfilled. 
— Editok.] 


[Table 



616 


MOLLUSCA 


PHYLUM VI 


Table showing Vertical Range of the Nautiloidea. 



A. Holochoanites 

1. Diphragmidae . 

2. Endoceratidae . 

3. Cyrtendoceratidae . 

B. Mixochoanites 

1. Ascoceratidae . 

2. Mesoceratidae . 

C. SCHISTOCHOANITES 


D. Orthoohoanites 

1. Orthoceratidae . 

2. Cycloceratidae . 

3. Kionoceratidae 

4. Tarpliyceratidae 

5. Trocholitidae . 

6. Plectoceratidae 

7. Ophidioceratidae 

8. Lituitidae 

9. Grypoceratidae 

10. Clydonautilidae 

11. Halloceratidae . 

12. Ryticeratidae . 

13. Rhadinoceratidae 

14. Trigonoeeratidae 

15. Triboloceratidae 

16. Rhineceratidae 

17. Hercoceratidae . 

18. Tainoceratidae . 

19. Centroceratidae 

20. Pleuronautilidae 

21. Koninckioceratidae 

22. Solenocheilidae 

23. Estonioceratidae 

24. Nautilidae 

E. Cyrtochoanites 

1. Loxoceratidae . 

2. Uranoceratidae 

3. Actinoceratidae 

4. Jovellanidae 

5. Rizoceratidae . 

6. Ooceratidae 

7. Oncoceratidae . 

8. Poterioceratidae 

9. Trimeroceratidae 

10. Phragmoceratidae 
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Order 2. AMMON OIDE A Zittel. 1 

Shells similar to those of the Nautiloidea in some primitive Paleozoic groups, hut 
these give rise to others with more highly ornamented shells , the apertures of which 
have ventral rostra instead of hyponomic sinuses. Sutures , as a rule, have ventral 
lobes in the later stages of ontogeny ; the inflections become more numerous than in 
Nautiloids even in Paleozoic genera , and their outlines during the Mesozoic are 
extremely complex. Siphuncle invariably small , and ( except in the Clymeniidae) 
situated near the venter . Funnels short , retrosiphonate in primitive forms , but 
becoming sometimes prosiplionate during the Paleozoic, and as a rule, prosiplionate 
during the Mesozoic . 

The ontogeny begins with a calcareous protoconch, the apical stage of the 
conch being an open neck built in continuation of the permanent aperture of 
the protoconch. The first septum is concave as in Nautiloids, and sutures are 
straight or have more or less of a saddle on the venter. Young stages of 
Mesozoic shells recapitulate the primitive adult characters of Paleozoic forms. 
The aperture was closed when the animal was retracted by a single horny plate 
( anaptychus ) or a pair of calcareous plates ( aptyclms ), probably secreted by 
muscular lobes homologous with the hood in Nautilus. 

Shell Characters. — There are apparently no characters, not even the presence 
of a calcareous protoconch, which can be relied upon to separate Bactrites from 
the orthoceraconic Nautiloids. Nevertheless, the position of the siphuncle and 
its peculiar funnels are features which seem to place this form with true 
Paleozoic Ammonoids. There is but one series of straight shells among 
Ammonoids, and these are obviously not the same as orthoceracones, but are 
more properly called bactriticones (Fig. 1169). Similarly, the loosely coiled 
Mimoceras shells (Fig. 1170) are not gyroceracones, but only their morphic 
equivalents in a different genetic stock ; hence the term mimoceracone should 
be substituted for gyroceracone. In the same sense the closely coiled sym- 
metrical shells, comparable in external aspect and intimate structure with 
nautilicones, should be described among Ammonoids as ammoniticones. The 
term torticone, however, can be conveniently applied to both groups, since it 
does not connote any special structures, but is a general name for all asym- 
metrical spirals. 

Ammoniticones in some Paleozoic forms are mimoceracones during 
nepionic stages, and consequently in later stages a perforation is present 
passing through the umbilicus as in Nautiloids. However, in most Paleozoic 
and all later ammoniticones, the coiling is so close even at the beginning 

1 Besides the works cited the following maybe consulted: — Buckman, S. S., Divisions of so- 
called Jurassic Time. Quar. Journ. Geol. Soc., 1898, vol. liv. — Clarke, J. M., The Naples Fauna. 
16th Aim. Rep. N.Y. State Geologist, 1898. — Crick, Q. C., Muscular Attachment of the Animal 
to its Shell in Ammonoidea. Trans. Liun. Soc., 1898, aer. 2, vol. vii. — Hang, JE. f Etudes sur les 
Goniatites. M6m. Soc. G6ol. France, Paleont., 1898, vol. vii. — Led, Q., Fosaili degli strati a 
Terebratula aspasia. Boll. Soc. Geol. Italia, 1895, vol. xv. — Parona , C. F., and Bonarelli, G., 
Fauno du Callovien infeneur (Chanazien) de Savoie. M6m. Acad. Savoie, 1897, vol. vl—Semenoff, B., 
Anwendung der statistischen Methods zum Studium der Vertheilung <ler Ammomten. Ann. G6ol. 
Mineral. Russie, 1897, vol. ii. — Smith, J. P., Development of Lytoceras and Phylloceras. Proc. Oalif. 
Acad. Sci., 1898, vol. i. — Ohoffat, P., Les Ammonses du Bellasien, des Conches & Neolobites Vibra- 
yeanus, du Turonien et du S^nonien. Faune cr6t. du Portugal, 1898, ser. 2, vol. ii. — Jackson , R. T„ 
Localised Stages of Development in Plants and Animals. Mem. Boston Soc. Nat. Hist., 1899, vol. v. 
— Novak, J., Untersuohungen uber die Cephalopoden der oberen Kreide in Polen. II. Die Seaphiten. 
Bull. Acad. Sci. Cracovie, sdv. B, 1911. 
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of the conch, that the protoconch is closely enwrapped by the first volution, 
and no perforation is visible even under a magnifier. There are two pits, 
however, one on either side of the apical end of the conch, which remain as 
remnants of this perforation, and are present in all ammoniticones (except 
perhaps certain Clymeniidae). The bactriticone obviously represents the 
primitive or primary radical of the Ammonoidea, and the mimoceracone the 
next or secondary radical of this order. 

Ammoniticones of the Nautilinidae introduce a peculiar form of volution, 
the anarcestean (Fig. 1171), which is depressed and crescentic in section, and 
may be regarded as an ancestral radical. These forms evolve a series becoming 
more involute and compressed (Fig. 1172), and some with elevated or narrow 
venters and well-defined lateral zones (Fig. 1173), but still retaining in the 
young more or less of the anarcestean aspect. The Clymeniidae have a few 
radical forms of similar aspect and with somewhat similar sutures (Fig. 1 165) j 
they then produce a series of compressed discoidal shells having cordiform or 
quadrate sections (Figs. 1166-1168), and these also develop involute forms 
among specialised species. The Gephyroceratidae and Beloceratinae have a 
similar history, but in the Glyphioceratidae coronate or gastrioceran forms with 
trapezoidal section and broad venter become common in the ephebic stages 
(Fig. 1196). In the more specialised groups, the anarcestean character re- 
appears only during the young stages. 

Phylogeronetic series (. Rhabdoceras , Cochloceras ) make their appearance in the 
Upper Trias, become more abundant in the Jura, and still more important 
during the Cretaceous, They have their own peculiar radicals, sometimes 
found among discoidal and again among more involute shells, but for the 
most part they do not originate from smooth shells. 

The same descriptive terms are used for shell characters among 
Ammonoids as among Nautiloids. Obviously the first stage of the conch 


A B 



Fig. 1138. 

Asell&te protoconch. of GepJiyroceras calculi- 
fomne (Beyr.). Upper Devonian; Budesheim, 
Eifel. A, viewed from in front. £, From the 
side (after Branco). 



was that of a living chamber, the protoconch being without internal septa 
or siphuncle (Fig. 1150). Then, after building out the usually flattened 
neck or apical part of the conch, the animal rested, and the first septum as 
well as the caecum (or incipient stage of the siphuncle) was secreted. The first 
septum closed the aperture of the protoconch, and the caecum projected into 
its interior. The caecum is connected with the internal surface of the proto- 
conch by bands (Figs. 1150, 1151), or semiconical prolongations, described 
by Munier-Chalmas as the prosiphon . But these bands are of various shapes, 
are not connected with the interior of the caecum, and appear to be merely 
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calcareous supports for the bottom of the caecum. The earliest sutures, 
described in a masterly way by Branco, are divided by him into three classes : 
asellate , laiisellate and angustisellate (Figs. A n 

1138-1140). The asellate cross the venter as . 

a straight line or very slight saddle, and are ( \ 

present only in the ephebic stages of Gyrto- \y — n \a a ) 

clymenia(X) and in the young mimoceran stage \ y V \ / Y 

of the Nautilinidae. In all except primitive j/ \\ !/ 

forms it is confined (as are most of the V s 

purely nautiloidean characters) to the first PlG - U4 °- 

septum. The latisellate stage is character- CT™ 

ised by a decided broad saddle on the 

venter, with corresponding deeper and broader lobes on the sides. The 
angustisellate stage has prominent, sometimes almost sub- acute ventral 
saddles with corresponding deep lateral lobes, accompanied by definite saddles 
at the umbilical depressions. 

The last two stages are progressive modifications confined to the larvae of 
Ammonoids, and are not present in the ephebic stages of any known species. 
The asellate condition of the first septum is found in the ananepionic stage of 
one species of the Olymeniidae, according to Branco, but his figure shows a 
saddle on the venter. The Nautilinidae and Gephyroceratidae are asellate, and 
the Glyphioceratidae also in some primitive Devonian genera, but latisellate in 
others, and angustisellate in the Trias. The Triassic Lobitidae and Arcestidae 
are latisellate, while the Cladiscitidae and the Phylloceratidae are angustisellate 
A ji c throughout. The 

embryos of the Cera- 

' tidaS are V6ry little 

IMA/W' Qwvi;; known, but are sup- 

yWv/< ^ Iw \(» . posed to be ktisel- 

V * late, while the 

rv/\^ \^ZZT\ \j m/ highly specialised 

Pinacoceratidae are 
an g us tisellate. The 

/~*\, t 7 re ^aining system- 

H / s— ^ ‘f atic groups are 

Fia. 1141. wholly Jurassic and 


/VWV^. 




A , Development of sutures in a latisellate Goniatite, Gastriocerm diculma CretaCBOUS, and SO 
(Goldf.) Lowor Carboniferous; Choquior, Belgium. B, Same m a latisellate - 

Ammonite ( Trapites siMnllatus Hauer). C, Same in an angustisellate Ammonite lar as Known, tJQ© 
(all after Branco). Sutures of the first volution are lettered consecutively from Qri 

y to l ; those of the second from m to s. nrsTi se P T:a are an “ 

gustisellate. 

Sutures . 1 — The second septum (Fig. 1141) in all but the most primitive 
forms becomes divided by an entire azygous lobe on the venter, often termed 
the “ siphonal lobe,” but hereinafter referred to as the ventral lobe , and by a 


1 The terminology commonly m vogue designates the sntural inflections as follows : — The ventral 
or external lobe is bounded on either side of the mesal plane by the large first or superiw-lateral 
saddle. This is followed by the first or superior-lateral lobe, and then come the second or inferior- 
lateral saddle and lobe in the order named. All additional inflections occurring between the second 
lateral lobe and the line of involution are termed auxiliaries , and are nnmbered m regular order. 
The antisiphonal is also known as the internal , dorsal or cdumellar lobe. By “lobes ” are always 
understood the angulated or digitated portions of the suture which are directed backwards , away 
from the mouth of the shell ; “saddles” are the elevations between them, which point towards the 
aperture of the shell. 
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Suture-line of Anan'cestes subnantiUnua 
(Schlotb.). Devonian. 


Suture-lme of Aganiiles mlattus 
(Munst.). Devonian. 


Left half of suturo-lme of Cc rntites nodoms 
do Haim. Trias. 


smaller azygous lobe (shown to the left in Fig. 1141, A~(T) on the dorsum, 
usually termed the antisiphonal This undivided ventral lobe (Figs. 1143, 

LSm 1144, EL) persists 

I I /Xlyv : t ^ irou ^ out Nau- 

^ ^ tilinidae so far as 
Fia 1142> •** L EL known, and is obliter- 

Suture - line of cyrto- Pia 1143 ' ated by a secondary 

uSZ‘^ vmta M,mht ventral saddle only 

in the Clymeniidae. 

It is present throughout the ontogeny of the simplest or radical forms of 
Glyphioceratidae, Beloceratinae and Arcestidae. But in the Devonian Gephyro- 
ceratidae and xsa is es 

in the Triassic “ " £ ' . _ A f N 

Ceratidae, shells P\ f NJ ; y ji ) ( K/Wf 

having undivided 1 \J T \J 3 : » Va i 

ventral lobes have L EL (d2 al1 1 L * L 

not been recorded: • Fl °* 1144 - 134S * 

• xi. rn* Ti* Suture-lme of Aganiiles sulcatus Left half of suturo-lme of CcmUtes <not1om* 

m tile liroiltmae (Munst). Devonian. de Haim. Trias. 

but one such 

species has been doubtfully described. This class of radicals is replaced in 
these groups by those having the ventral lobe divided by a small saddle 
rn ES LSI LS2 * is usually called the ventral or 

S ; siphoned saddle (Fig. 1146, m). 

I {$ 2 /? I j I • The class of radicals having 

h * ck, h c ent i re ventral lobes disappears 

lAf » before the close of the Trias. 

Vp/ : ; ifjv J The entire antisiphonal lobe 

I j J j has a more extensive distribution 

' L \ In, t ^ an ent i re ventral lobe, being 

fig. 1146 . present throughout the ontogeny 

night suture-iiue of Coromeeras b isvicatum Brug. Lms. m, of Nautilinidae, Clymeniidae and 
Siphonal saddle; n, Line of involution. EL, Ventral (also n fln i 1 TTrA/ , ar 0 i.;j 01 , ^ 

called siphonal or external) lobe, traversed by the siphuncle. ^ephyroceratldae. MOSt Ot the 

L, First or superior-lateral lobe ; l, Second or inferior-lateral fi-lvnhinrtAra tidn a hnvA tLia Inbft 
lobe. ES, LSI, £52 First second, and third lateral saddles, ^ypuiocerahiaae nave tMS 10D6 

IS, Dorsal saddle. II, Antisiphonal lobe, i, First dorsal entire, but it becomes bifid in the 
lobe lying onime of involution. later stages of specialised forms. 

The radicals of Beloceratinae have it entire, but in specialised genera it becomes 
bifid or even trifid. It is known to be entire in only a few of the Lecanitinae, 
and is bifid in most of the Ceratitidae and Arcestidae, besides having for the 
most part entire sides. It is also entire in some phylogerontic species of the 
Trias. In the Desmoceratidae and Lytoceratidae it is generally bifid, but may 
be trifid or irregular in some species, and is accompanied by an extraordinary 
growth of two of the branches inwards in a large number of forms. In 
Jurassic and Cretaceous Ammonoids, it is as a rule more or less complicated 
by the development of secondary inflections on the sides, termed marginals. 

Paired or zy gous lobes and saddles (Fig. 1141) appear between the two 
azygous lobes and belong to two series, the laterals or externals, and the 
dorsals . The first broad external lateral inflections, called the “ first pair of 
lateral saddles,” are formed by the ventral lobe and the corresponding first 
pair of dorsals by the formation of the antisiphonal lobe ; and between these 
there appears a broad lobe, either wholly or the most part external (Fig. 
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1141, A). This is the stage marked by four lobes and saddles — two azygous 
and two zygous lobes, and four zygous saddles. The wide lateral lobes in the 
next stage (Fig. 1141, Oh) are divided by saddles that arise on or near the lines 
of involution. These divide the two lobes into four, one pair being in part or 
wholly dorsal, and becoming eventually the first pair of dorsal lobes ; the 
others develop into the “first pair of lateral lobes.” There are accordingly 
six lobes and six saddles at this stage. In the next stage (Fig. 1141, A , Bm , 
Cm) the saddles bridging the lines of involution become divided by lobes 
arising on or near the lines of involution, and the inner arms of the saddle so 
formed thus become the second dorsal saddle, while the outer form the second 
lateral saddles ; but in some forms they may both pass into the lateral series. 
This stage, therefore, has eight lobes and eight saddles — three paired lobes 
and four saddles on either side of the mesal plane, and two azygous lobes. 

Additional inflections arise in like manner along or near the line of 
involution during succeeding stages. But there is considerable irregularity in 
their advent even in the eight-lobed stage, and still more so at later periods ; 
hence the above description must be regarded as a very general one, although 
serving to indicate a few primitive lobes and saddles that are generated during 
the younger stages, and are usually recognisable in the adult. 

In subsequent stages additional inflections arising on or near the lines of 
involution pass outward as the sides of the shell broaden by growth ; and the 



['mac.nrcras metlcmirfu (Hauer). Keupw; Someraukogcl, near Halls tadt, Austria. Left suture-line, much 
reduced, showing auxiliary (inner) and adventitious (outer) inflections. The three longest lobes in the middle 
are the llrst, second, and third laterals (alter Hauer). 


same law holds true for the dorsum, but of course here the inflections pass 
inward toward the mesal plane. The number of inflections on the dorsum is 
more limited in all forms than the laterals, and they have simpler outlines. 
The inflections added to the sides after the first two or three saddles and lobes 
appear are usually called the auxiliaries (Figs. 1145, al\ 1147), but the current 
use of this term is not consistent with the development of the inflections, and 
the distinctions are based for the most part on the contrast in size between 
the saddles and lobes as they appear in the adult of different types. When 
the ontogeny is known, however, the auxiliary inflections can be properly 
discriminated and described, but otherwise are liable to confuse the nomen- 
clature. Adventitious inflections (Fig. 1147) arise between the first pair 
of laterals and the median line of the venter, either by the growth of 
marginals in the arms of the ventral lobe, or by division of the outer parts of 
the first lateral saddles, or by division of the inner parts of the siphonal 
saddle. 

The regions of greatest metabolism or growth-changes in each genetic 
series are near the lines of involution, and it is here that new inflections are 
usually formed. The later formed lobes and saddles in these regions repeat 
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in their own development the ontogenetic stages of modification through 
which the older ones have already passed. It follows also from this that the 
lobes and saddles nearest the umbilical lines of in- 
volution are simple and often entire, and are parts 
of a series that become progressively more compli- 
cated outwards to the lines or columns of the oldest 
class — the first lateral lobes and saddles. When 
there are adventitious lobes, this series is reversed 
on the ventral side of the first pair of saddles. The 
inversion is sometimes quite complete, as in some of 
the Beloceratinae, thus indicating unusual metabolism 
on the venter like that of the regions of involution. 
Jackson’s law of the localised recapitulation of onto- 
genetic stages is well exemplified by the history of 
sutures among Ammonoids as already shown by him 
in Placenticeras. 

The above method of designating the lobes and 
saddles as paired in the external aspect and on the 
the mesal plane disregards, for sake of convenience, 
an important fact that should be noted ; namely, that the azygous ventral and 
dorsal lobes are in reality paired with each other in the mesal plane ; also 
that the primitive dorsals and external lateral inflections correspond in the 
same sense to one another, and are also more or less united across the septa 
in some forms. 

The outlines of the paired lobes and saddles first become complicated in 
the Carboniferous Glyphioceratidae. Minor or marginal inflections are intro- 
duced, and what are termed bifid or trifid lobes occur in the arms of the ventral 
lobe (Fig. 1182) ; they then affect the primitive first lateral lobes and saddles, 
and extend thence toward the line of involution (Fig. 1187). These marginal 
inflections increase greatly in number and complexity during the Permian, 
become preponderant in the Trias, and universal in the Jura and Cretaceous. 
During the Carboniferous it is the lobes only, as a rule, that are thus modified; 
but in the Permian the saddles too are often affected. The modifications 
in outline proceed from the lobes to their sides, and thence to the saddle bases, 
except in certain cases when direct division of the saddles takes place by the 
outgrowth of secondary median lobes that divide their bases. All these 
secondary lobes and saddles are termed marginals, 

Siphuncle . — The caecal condition of the siphuncle is apparently confined to 
the ananepionic stage or first septum, but J. P. Smith has shown that some 
species of Lytoceras and Pliylloceras have a bulbous enlargement of this organ, 
which may persist in several nepionic camerae. This is apparently a persistent 
remnant of the caecal enlargement. The siphuncle of all Ammonoids is larger 
in proportion to the volution, and apt to be nearer the centre (Figs. 1149, 1150) 
during the young than at later stages, and is also retrosiphonate, as in Nauti- 
loids. It remains retrosiphonate in the Clymeniidae, Nautilinidae, and most 
Gephyroceratidae,as well as primitive forms of Glyphioceratidae; but it becomes 
transitional (having both funnels and forwardly directed collars) in more 
specialised Carboniferous Glyphioceratidae, and finally prosiphonate (funnels 
lost, collars alone remaining) in Permian genera. Most Triassic and all Jurassic 
and Cretaceous genera have the siphuncle chloiochoanitic. The above stages 



F*i. 1148. 

Lytoceras pnhnatnm (Sowerby) 
Middle Lias ; Wurtemberg. Trans- 
verse section of volution. SL , 
Ventral lobe ; AL, Antisiphonal 
lobe ; X, Superior lateral lobe ; 
l, Inferior lateral lobe; ES, Ex- 
ternal saddle ; LS, Is, First and 
second lateral saddles. 

dorsum on either side of 
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are repeated in regular succession during the ontogeny of chloiochoanitic forms 
(Fig. 1149) except when accelerated development ( tachygenesis ) occurs, and 



Fid. 1149. 

Tmpiteb, cf. phocbns Dittm. Trias. En- 
larged soction m the median plane of the 
young, showing retrosiphonate funnels m 
the nepiomc stage, then transitional, and 
later prosiphonate funnels, a, Position of 
protoconch (after Branco). 


Fio. 1150. 

Awalthrus spinatus Brug. Lias. 
Section parallel to median plane, show- 
ing position of the siphuncle. a, Pro- 
toconch ; r, Caecum (after Branco). 



then the monochoanitic stage may disappear. The reduction in size of the 
siphuncle among Ammonoids is obviously correlated with loss of functional 
importance, as is also the case among more specialised Nautiloids ; and con- 
sequently organic deposits are not found in the camerae of these shells. 

Living Chamber . — This varies greatly in 
all of its dimensions, thus indicating differ- 
ences in the size and proportions of the 
animal, since its body parts were probably 
wholly contained within this cavity. The 
lines of growth and the few apertures known 
among Nautilinidae and Clymeniidae show 
that they had hyponomic sinuses on the 
venter, and were swimmers like Nautiloids. 

The same was probably true of the Gephyro- 
ceratidae, except during the gerontic stage of 
some species when a ventral crest arises, as 
demonstrated by Clarke. In the Glyphio- 
ceratidae and Beloceratidae many species that 
retain the so-called goniatitic form have 
hyponomic sinuses, but occasionally short 
ventral crests appear, and later these become general. Only radical 
Paleozoic forms of the Arcestidae have retained the hyponomic sinus ; short 
obtuse crests appear in the Trias, and continue thereafter. Jurassic and 
Cretaceous Ammonoids have as a rule more pointed rostra than those of the 
Trias, and frequently develop lateral crests and lappets (Figs. 1152, 1156). 

Very decided decrease in the dimensions of the living chamber during the 
senile stage does not occur as a rule among Paleozoic forms ; but this con- 
dition appears among the Triassic Haloritinae and Tropitidae with a corre- 
sponding contraction of the aperture. The Arcestidae (Fig. 1222) and some 
species of the Ceratitidae also often have very narrow openings during the 



Fio. 1151. 

Parkinxonia parlcinsom (Sowerby). Middle 
Jura. Median section showing siphuncle 
with bulbous enlargement (<?), prosiplion (p), 
and position of protoconch (a) (after Mumer* 
Clialmas). 
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paragerontic substage, but the condition is in no sense phylo^Sronticv except 
j Lobites, and the like (Figs. 1217, 1218). \ 

Pompeckj, in an important essay, asserts that contracted living chambers 
are invariably developed in old age, an rf that 
small shells possessing them are consequently, not 
immature individuals, but dwarfs (Fig. 1^6). 
It is probable that large numbers of shells ale 
indeed dwarfs, but it is also a fact that contrac- 
tion of the living chamber and volutions occurs 
in some forms during comparatively early stages ; 
and sometimes in such a way as to affect the 
ephebic stages of the ontogeny, when the forms 
become truly phylogerontic . This latter term is 
used to designate shells in which the ontogeny 
has become permanently modified by the assump- 
tion of retrogressive characters that were intro- 
duced first in the senile stages of allied pro- 
fig ii 52 gressive species. Whether these peculiar forms 

sMoenbachia crltata (Beiuc). have contracted apertures in their earlier stages, 
rostrum Aperimre Wlth ventral and then resorb them before building further, or 
os whether they never add lateral lappets, rostra, 

etc., as claimed by Pompeckj, until the last resting stage of the ontogeny 
(Fig. 1156), it is obvious that they are permanently affected by phylogerontic 




Fig. 1153. 


Sphaeroceras brong- 
niarti (Sowb.). Oolite. 
Aperture with broad, 
contracted ventral ros- 



Fig. 1154. 

Normanmtes braikm- 
ridgi (Sowb.). Oolite. 
Aperture with lateral 
lappets. 


Flo. 1155. 

Oppcha nimbata 
(Oppel). Jura. 
Lateral lappets. 




Fig. 1156. 

Oecoptychius re- 
ft acins (do Haan). 
Jura. Living chamber 
contracted, with ros- 
trum and lappets. 


characters. These forms are comparatively rare in the Trias (Lobites, 
Cochloceras), but their number is sensibly increased in the Jura, although 
usually confined to special localities. . During the Cretaceous they become 
more numerous and more widely distributed (Figs. 1261, 1262). In their 
extreme modifications they become more or less uncoiled and finally per- 
fectly straight. 

Crick and Waagen maintain that Ammonoids had an annular band as well 
as shell muscles, and that these served both to hold the animal in the living 
chamber, and also formed an air-tight band around the face of the mantle, 
fastening the latter to the shell (Fig. 1157). Such was, however, probably 
not the only means of attaching the animal to the shell. The steady pro- 
gressive complication of sutures, affecting both lobes and saddles as well as 
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Fi<». 1157. 

Ojipclba « tcranput (Opp e 1). 
Upper J ura ; Solenhoten. Com- 
pressed shell with aptychus (a) 
preserved m living chamber and 
distinct impression of shell 
muscles (7/.) (after Waagen). 


their marginal inflections, is directly correlated with the outgrowth of rostra. 
The presence of a rostrum indicates the disuse and disappearance of the 
swimming organ (hyponome), which in Nautilus ’causes 
the formation of the hyponomic sinus in the aperture, 
and flexed growth-lines on the venter. These facts 
and the gregarious littoral habits of Ammonoids show 
that they probably crawled along the bottom with 
their shells carried above them, very rarely swimming. 

Their shells are also less bulky in proportion than 
those of Nautiloids, and correspondingly less buoyant. 

All these observations justify the hypothesis that the 
progressive complication of Ammonoid sutures took 
place because of their utility in helping to carry and 
balance the shell above the extruded parts when the 
animal was crawling. The greater complication of 
the marginals in Jurassic Ammonoids, where the 
number of auxiliary lobes and saddles is often reduced 
(Fig. 1253), and the multiplication of the principal 
inflections in Pseudoceratites of the Cretaceous in com- 
pensation for the suppression of marginals (Fig. 1309), are all accounted for 
by this theory. The phylogerontic forms, in which the lobes and saddles are 

sometimes reduced in number, and the 
marginals are also less complex — together 
with the position, form and mode of growth 
of the last volution, and the short rostra 
— suggest that these creatures could not 
have been active crawlers during the 
greater part of their ontogeny. 

The occurrence of broods of young 
shells in the living chamber may be taken 
as suggesting that some Ammonoids were 
viviparous, but the examples of this are 
too rare to be relied upon for making a 
general statement. 

Opercula. — Plates have been found in 
situ closing the aperture and correspond- 
ing in position to the hood of Nautilus in 
a number of Ammonoid shells (Fig, 1158). 
This positive fact, and the obvious fitness 
of such plates to serve as opercula, lead 
to the inference that they were formed by 
an organ similar to the hood of Nautilus , 
and protected the animal when it was re- 
tracted into the living chamber. When composed of a single piece, the plate 
is called an anaptychus ; in such cases it is invariably carbonaceous, and was 
doubtless horny in the living animal (Fig. 1160). The anaptychus is rare in 
the Paleozoic, and has not yet been found in the Trias, but occurs among the 
Arietidae and Amaltheidae of the Lower Jura. The operculum, when formed 
of two plates, is termed an aptychus , and is always of calcareous composition, 
[t is noteworthy that these plates occur uniformly in the same position among 
VOL. i 2 s 



Fia 1158. 

0pn)6lia suhradiata 
(Sowb.). Inferior 
Oolite; Dundry- 
Aptyolms in place, 
closing aperture 
(after Owen). 



Fn». 1159. 
dptyojiitx lamidlottm 


preserved an in F 
Upper Jura; 
hofim, Bavaria. 


.1157. 

Solen- 
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some species from certain localities, inside the living chamber and close to the 
A n venter (Figs. 1159, 1161), a circumstance that led 

Waagen to suppose they served to protect the nida 
mental gland of female shells. As shown by Michael 
in Oppelia, even the embryonic shells were furnished 
with aptychi. 1 

Aptychi are composed of three layers, of which the 
middle one is the thickest and exhibits a cellular struc- 
ture, whereas the two outer layers are comparatively 
(Fig. 1164). Detached aptychi have been 



Fig. 11G0. 


Anaptychi. A , Amalthcus dense 
pinatus Brug. Lia« 

B, Goniatites uchtensis 


spvmtus Brug.^ Lias^^i/j. c i as8 ig e( } gy Vittel into several groups according to 


their structure. Oellulosi (Fig. 1163) are smooth, thick 
plates, with punctate external surface; Imbricati (Fig. 1159) have the 
surface traversed 
by oblique folds 
or costae; Pundati 
(Fig. 1164, G) 
have rows of 
punctae and over- 
lapping folds; 

Granulosi include 
thin plates having 
the external sur- 
face covered with 
concentric folds or 
rows of tubercles 
orspinules; Rugosi 
are thick plates 
with irregularly 
arranged granules 



Fig. 1X61. 

Harpoceras lythense (Sowb.). Upper Lias ; 
BoLI, Wurtemberg. Aptychus in the livmg 
chamber. 


Fig. 1162. 

Rcajihltes trpinlyar Hcliliiter. 
Upper Cretaceous ; Coosfold. 
Westphalia. Detached 
aptychus. 


or rows of nodes on the outer surface; Mgrescentes (Fig. 1161) are covered 
a b with a thin carbonaceous coat- 

ing; and Ooalescentes (Fig. 1162) 
have the two thin plates fused 
along a median depression. This 
last is a phylogerontic condition 
of the aptychus occurring in 
Scaphites. 

Glassification. — Leopold von 
Buch prepared the way for a 
general classification of the 
Ammonoidea by pointing out 
three grand divisions which he 
called “genera.” These were 
the Paleozoic Goniatites, Ceratites, 
from the Trias and Cretaceous, 

. # ^ and Ammonites , from the Jura 

v on Buch s chief distinctions were based on the outlines of 



Fia 1163. 

Aptychus laevis v. Meyer. Lithographic Stone ; Solenhofen, 
Bavaria. A, External aspect; JB, Internal, i/ x . 


and Cretaceous. 


1891 mfif" , ge °i' 1894 > To1 - xlvi .—Retmoski, 0., Neues Jahrb. Mia, 

i»yi, voL 11 .—Blackmore, ff. P. t Geol. Mag,, 1896, dec. 4, vol. iii. 


CLASS Y 


CEPHALOPODA 


627 


the lobes and saddles, and were as natural and well-founded as the knowledge 

a n c 



Flu. 1164. 

Vortical sections of aptycln belonging to A, Cellulose (Ammonites zonatus Stopp.) ; B t Imtricati (Ammonites 
profundus Voltz) ; and G, Punctate (A. punctatus Yoltz). s/ x (after Meneglnni and Bornemann). 


of the time permitted. D’Orbigny, Quenstedt, Sandberger and Barrande 
greatly increased our knowledge of structurk and variation, and defined a 
number of new genera. 

The next marked epoch dates from the publication of Mojsisovics’s great 
works on the Trias, which made known a fauna as rich and complex as that 
of the Jura. Suess, Neumayr, Branco, Waagen, Buckman, Grossouvre, Haug, 
Diener, Douvill6, Kilian, Zittel, Karpinsky, Hyatt and others made advances 
of essential importance along different lines. All of these authors attempted 
to trace phylogenetic histories which of necessity crossed the lines of the 
older classifications at right angles, and sometimes bridged over the divisions 
of geologic time. 


Suborder A. INTBASIPHONATA Zittel. 

Family 1. Clymeniidae GumbeL 

Gonchs varying from forms like Anarcestes to those that are more or less compressed in 
section , and from completely discoidal to compressed and highly involute shells , the surface 
being either smooth or with large spines. The characteristic ventral saddles are almost 
imperceptible in some primitive species , and although entire and large as a rule, are 
in some genera divided by entire ventral lobes. Septa concave along the mesal plane. 
Siphnncle dorsally situated. Living chamber occupying about three-fourths of a volution ; 
aperture with hyponomic sinus. 

The ventral saddles are developed by the obliteration of primitive ventral lobes 
and fusion of the first pair of saddles (Branco). It is at present questionable whether 
the ventral lobes of some genera are secondary modifications or retentions of the 
primitive ventrals, and also whether these can be regarded as divided ventrals even in 
Gymaclymenia . The antisiphonal lobe is large and long, and often fused with the 
siphuncular funnels. The dorsal sutures, so far as known, are very peculiar, having 
only a pair of large saddles confluent with the last pair of external saddles ; or one 
pair of zygous saddles, and one pair of zygous lobes, the second pair of zygous saddles 
being confluent with the innermost external pair. 

The perforation through the umbilicus, so constant in Nautiloids, is absent, and so 
too are the umbilical depressions on either side of the neck of the protoconch, common 
in other Ammonoids. The forms are nevertheless ammoniticones, having the proto- 
conch and other characters of the order. The first septum is described as asellate 
(Branco), but is figured as having a broad saddle on the venter. 

Primitive forms similar to Anarcestes, but differing in that the sutures have broad 
entire ventral saddles and broad rounded lobes ; or if the latter are angulated, they 
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are incomplete internally, rising to saddles at the lines of involution. Sipliuncle 
tubular and small, and funnels comparatively short (G umbel). 

§ 1. Cyrtoclymeaia (Fig. 1165), Oxyclymenia (Fig. 1167) Gumbel ; Plalydymmia 

Hyatt. Devonian. 

TT\r+v'TT 


§ 2. Conchs similar to those 
of preceding genera, but sutures 
have two pairs of lateral saddles, 
and there is a ventral lobe with 
a median saddle. 

Gymaclymenia (Fig. 1166), Sellaclymenia Gumbel. Devonian. 

§ 3. Conchs differ from preceding genera in that the sutures have deep undivided 


Fig. 1165. 

Suture-lme of Gyrtody - 
menut laevigata (Munst.). 


Fig. 1166 

Suture-lme of Cymadymmin 
striata (Munst ). 



Fig. 1167. 

Oxyclymenia undulata (Munster). 
Upper Devonian; Elbersreutli, 
Fichtelgebirge. 


Fro. 1168. 

Gomodymenia speciasa (Munst.). Upper Devonian ; 
Sdiubelhammer, Fichtolgebirgo. Va* 





ventral lobes, and sometimes two pairs of lateral saddles are present. These last may 
be either in part or wholly divided by marginals. 

Gonioclym,enia (Fig. 1168), Gycloclymenia , Discoclymenia Gumbel; Gryptoclymenia 
Hyatt ; Acanthoclymenia Hyatt. Type A. ( Gl/ymenia ) neapolitana (Clarke). Devonian. 


Suborder B. EXTRASIPHONATA Zittel. 

The Extrasiphonata include straight, open-coiled and close-coiled forms, embracing 
the old groups of Goniatites , Ammonites and Geratites , between which there are no 
sharp lines. 

The Goniatites are the oldest and most primitive Ammonoids, chiefly confined to 
the Devonian and Carboniferous. They are mostly small in size, distinguished from 
the Clymeniidae by their external siphuncle, and from the rest of the Ammonoidea by 
their simple septa. The older Goniatites are retrosiphonate, and the aperture usually 
has a ventral sinus. They grade over into Ceratites and Ammonites, the septa 
becoming serrated or digitate, usually with an increase in the number of lobes, and 
with the development of the forward -pointing siphonal collars. 


Family 1. Bactritidae Hyatt. 

Bactriticones and cyrtoceracones, usually compressed elliptical in section , and con - 
necting through Protobactrites with the Nautiloidea. 
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Bactrites Sandb. (Fig. 1169). In this, the only genus, the shell is straight, 
gradually tapering, and round or compressed elliptical in section. Devonian. 


Family 2. Nautilinidae Hyatt (Nautilini Beyrich, pars). 


Mimoceracones and 
ammoniticones, rounded 
in section. Body- 
chamber long. Sutures 
ham narrow saddles on 
either side of the un- 
divided ventral lobe, 
and broad lateral lobes 
with saddles at the lines 
of involution or on the 
umbilical zones , when 
the latter are differen- 
tiated. Antisiphonal 
lobe absent. Lor sum 
with a broad azygous 
saddle. Aperture with 
a deep and narrow 
hgponomic sinus, crests 
on the ventro - lateral 
angles, and broad lateral 
sinuses on either side. 

Mimoceras Hyatt 
(Fig. 1170); Anarcestes 
Mojs. (Figs. 1171 and 

1172): Brolobites Karp. B, Suture - line,' % 
(after Waudberger). 


Devonian. 


Fio. 1160. 

Bactnti "» dtujmti s 

Sandb. Upper De- 
vonian ; Budeslieim, 
Eifel. J, Conch, Vi- 


A B C 



Fig. 1170. 

Minioceiwt comprrmun , (Beyr.). Lower Devonian ; 
Wissenbach, Nassau. A, B, Natural moulds, i/ x . C, 
Nepiomc individual enlarged. 



Fiu. 1171. 


Anarcrstes pleb&jux (Barr.). Lower Devonian ($tage G) ; 
Hlubocep, Bohemia (after Barrande). 


Family 3. Aphyllitidae Freeh. 


Ammoniticones with truncated venters, compressed whorls and short body -chambers. 




Fig. 1172. 

Anarcextes subnautilinuh 
'Schloth.). Middle Devonian ; 
wissenbach, Nassau. 


Fio. 1173. 

Agoniatitea occultux (Barr.). Lower Devonian (IStage G) ; 
Hlubocep, near Prague, Bohemia (after Barrande). 




Sutures similar to those of the Nautilinidae, except that a dorsal azygous lobe is sometimes 
oresent. 
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Agoniatites Meek (Aphyllites Mojs.) (Fig. 1173); P alaeogoniatites Hyatt. Type 
P. ( Goniatites ) lituum (Barrande). Devonian. 

Par aphyllites Hyatt. Type P. (Goniatites) tabuloides (Barr.). Dorsum of this 
involute form is entirely occupied by a large azygous lobe terminating in a minute 
annular lobe and partial cone similar to that observed in Nautiloids and in Pznacites. 
The inner extension or cone is not present elsewhere among Ammonoids so far as 
known. Devonian. 

Pinacites Mojs. Highly involute, compressed ammoniticones with acute venters. 
Septa biconcave, owing to a division of the lateral lobes by narrow saddles which 
are connected by ridges with corresponding saddles on the dorsum. There are also 
saddles at the umbilical angles and on either side of the ventral 
lobes. The azygous dorsal lobe is large. Dorsum with one pair 
of narrow zygous saddles and one pair of broad zygoua lobes, 
giving a formula of eight lobes and eight saddles. European 
Devonian. 

Family 4. Tornoceratidae Gurieh. 

Involute forms , with ventral sinus , simple septa like those of 
the Aphyllitidae , and relatively short body-chambers . 

Tornoceras Hyatt (Fig. 1174), Maeneceras Hyatt (Fig. 1176). 
Devonian. 



Pig. 1114. 


Tornoceras simplex (v. 
Bueh). Upper Devonian; 
Budesheim, Eifel. 


Family 5. Cheiloceratidae Freeh. 


Ammoniticones varying from discoidal and Anarcestes-liJce to highly involute , com- 


n jvyvxn • 

Fig. 1175. 

Suture-line of Sporadocems 
mumteri (v. Buch). 




Rio. 1176- 

Suture-line of Maeneceras 
terebratus (Sandb.). 


Pig. 1177. 

Suture -line of Aganides 
sulcatus (Munster). Upper 
Devonian; Fichtelgebirge. 




Pig. 1178. 

Aganides rotatorius (de Koninek). Lower Carboniferous ; 
Toumay, Belgium. 


pressed shells with narrow venters. Shells smooth , but with frequent labial constrictions. 
Body chamber long. Aperture without hyponomic sinus. 


In this family the septa are concave along the mesal plane as in Nautiloids, 
beco ming convex only internally and laterally, following the broad internal saddles in 
the zone of involution. Lobes and saddles entire. Primitive forms may have only 
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two broad saddles on either side, but more specialised shells may have two pairs of 
principal saddles formed by division of the primitive first laterals. There is a corre- 
sponding development of narrow saddles and lobes on the dorsum, but primitive forms 
have only two broad saddles here as in Anarcestes. Antisiphonal lobe narrow, entire, 
pointed. From this family sprang the G-lyphioceratidae of the Carboniferous, and 
through them came the Tropitidae and Arcestidae of the Triassic. 

Gheiloceras Freeh (Parodoceras Hyatt); Sporadoceras (Fig. 1175); Aganides Montfort 
(Figs. 1177, 1178). Devonian and Carboniferous. 


Family 6. Gepliyrooeratidae Haug. 

Evolute to involute forms , mostly laterally compressed , with short body-chambers, 
ventral hyponomic sinus , and without labial constric- 
tions. This group includes forms with simple 
goniatitic septa , forms with ceratitic septa , and forms 
with exceedingly complex ammonitic septa. 

The external sutures in primitive forms some- 
times approximate to those of Anarcestes , but the 
dorsals have only one large azygous lobe, the saddle 
being confluent at the line of involution with the 
second external pair. In more involute forms the 
antisiphonal lobe is large, entire and pointed ; there 
is one pair of dorsal saddles, and one of broad 
dorsal lobes; the second pair of saddles, when 
present, is confluent with the second pair of lateral 
saddles. 

Subfamily A. Primordialinaw Hyatt 
(Primordiales Beyrich). 

Distinguished from Anarcestes by the divided 
ventral lobes, large siphonal saddles, and especially 
the first lateral saddles, which are very prominent 

on the sides. Adventitious lobes and saddles are 0epliyroctrwiMmmmui Beyr0 . Ul)per 
formed by division of the first lateral saddles. Septa Devonian ; Nassau. A, Oonch, i/i- is, 
in the young are concave and similar to those of Suture ' line * 

Anarcestes , but in later stages become convex along the mesal plane as in typical 
Ammonoids. Siphuncle small, subventran, without calcareous sheath ; ’fupnels retro- 
siphonate and short, except in Manticoceras , where they are prosiphonate. 

GepKyroceras (Figs 1138, 1179), Manticoceras Hyatt; Probeloceras Clarke; Timanites 
Mojs. Devonian. Nomismoceras Hyatt Gonioloboceras Hyatt. Type G. (Goniatites) 
goniolobus (Meek). Carboniferous. Koenenites Wedekind. Devonian. (This and 
related genera are described by Wedekind in Sitzber. Ges. Naturf. Freunde Berlin , 1913). 

From the Gephyroceratidae probably sprang the Meekoceratidae of the Permian 
and the Lower Trias, and through them came the Ceratitidae. 



Via 1179. 


Subfamily B. Beloceratinab Freeh. 

Form compressed, discoidal, involute, with high whorls and narrow acute venters. 
Lobes and saddles lanceolate, with numerous adventitious and auxiliary lobes. 

Includes the genus Beloceras Hyatt (Fig. 1 1 80), of the Upper Devonian. From 
,he Beloceratinae probably came the Sageceratinae, the Hedenstroeminae, and the 
Oarnitinae, and possibly the Pinacoceratidae. Beloceras was probably derived from 
Timanites with Probeloceras as a cbnnecting link. 
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Family 7. Prole oanitidae Hyatt 

The young have a long undivided ventral lobe. Primitive forms are compressed) 
discoidal, and more specialised genera become involute and assume a modified anarccstean 
aspect . Saddles are entire in the former , but the first laterals become very large and are 
subdivided by simple marginal lobes . Lateral lobes entire in primitive genera and 
become bifid or trifid in specialised forms , but rarely have more numerous digitations. 
Antisiphonal lobe entire or pointed. Siphuncle without calcareous sheath ; funnels pro- 
siphonate so far as 'known. 




Pig. llso. 

Uelocents miltilobutmn (Bey rich). Upper 
Devonian ; Adorf, Westphalia. 





Fig. 1181 . 

Prol( > otmiti , s InnuliottoUt (Sandb.). 
Upper Devonian ; Nassau (after 
Handberger). 


Subfamily A. Prolecanitinab Frecli. 

Shells discoidal or evolute, compressed or sub quadrate in section. Primitive forms 
with undivided ventral lobes, and rounded saddles and lobes of the lecanitean type. 
More specialised shells have entire hastate lobes and saddles, and similar but divided 
ventral lobes. Aperture with well-marked hyponomie sinus. Shells smooth or 
costated, and often with longitudinal ridges. 

Phenacoceras Freeh ; Prolecanites Mojs. (Fig. 1181). Devonian to Carboniferous, 


Subfamily B. Noritinae Karpinsky. 

Similar to Prolecanitinae, but the ventral lobe instead of becoming divided in the 
usual way, retains the larval trifid stage throughout life in primitive species. In 
specialised forms the larval siphonal saddles enlarge in the neanic stage, thus building 
up a single siphonal saddle with a comparatively large siphonal lobe. First lateral 
lobes may be bifid, trifid or completely serrated in specialised shells, and the second 
and other lateral lobes also may become ceratitic. The saddles, however, retain more 
or less of their primitive outlines, and their bases are entire. Sutures with adventitious 
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inflections. Apertures have crests at the ventro-lateral angles ; straight or with faint 
sutures at the venter. 

Pronorites Mojs. (Figs. 1182, 1183); Triainoceras Hyatt (Fig. 1185); Parajpronoritcs 



I ) nmontf‘,scydolofni,s(Phi\\.). 
Lower Carboniferous ; Grass- 
nigton, Yorkshire (after 
Phillips). 


w twpim 

Fiu. ii a;}. 

Septa of Pronoritcs arhansa^rn^h 
Smith. Lower Carboniferous; Arkansas, 
i/a (after J. P. Smith). 


KaA/\/Vvv 

Pxo. 1185. 

Suture-line of Trm inure ran 
tubnrufobo-custatinn (Sandb.). Upper 
I)n\oman. 


****Wflflr 

Fl<r. 1180. 

Suture-line of Nonten 
gondola Mojs. Muschelkalk ; 
Schreyer Alp, near Hallstadt, 
Austria. 


Gemm. ; Uurdillentes Hyatt and Smith (Pig. 1184); (?) Ambites Waagen ; Norites Mojs. 
(Fig. 1186); Daradites Gemm. Devonian to Trias. 


Subfamily 0. Medlicottiinae Karpinsky. 

Shells compressed, discoidal and involute, with smooth or costated sides, and 
>ften costated or tuberculated and channelled venter. 

Central lobe entire in primitive species, and trifid or 
lividedas among the primitive Noritinae in more specialised 
orms. First lateral saddles simple but divided in primi- 
ive genera, and acquire in Medlicottia through hyper- 
,rophy and the development of marginals extraordinary 
lerrated outlines. Aperture as in the Noritinae. 

Sicanites Gemm.; Promedlicottia Karp.; Propina - 
oceras Gemm. ; Episayeceras Noetling ; Medlicottia 
Waagen (Figs. 1187, 1188). Permian to Lower Trias. 


l l KL 
Fni. 1188. 

Medlicottia tmutscholcU Gemm. 
Suture-line of Medlicottia prtinu* Waageu. Permo Permo-Carboniferous; Sobio, 

Carboniferous ; Salt Range, India (atler Waagen). Sicily (after Gemmellaro). 




634 


MOLLUSCA 


PHYLUM VI 


Family 8. Pinacoceratidae Mojsisovics. 

Forms with involute , compressed, high whorls , with narrow and often acute venters. 
Body-chamber short. Septa goniatitic to ceratitic , to digitate , but always with adventitious 
and auxiliary lobes in addition to the regular series. 

The group is probably derived from the Beloceratinae, at least in so far as it is 
a unit. This is almost certainly true of the Sageceratinae and the, Hedenstroeminae ; 
the Carnitinae are probable derivatives of the Hedenstroeminae, and the Pinaco- 
ceratinae apparently are derivatives from the Sageceratinae. 


Subfamily A. Hedenstroemiinae Waagen. 


fa.' . \ 


Principal lobes and saddles with ceratitic outlines, but adventitious lobes and 

saddles have Sag eceras- like outlines. 
Antisiphonal lobe bifid and very long. 
Dorsal inflections more complex than 
in preceding families. Aperture with 
ventral crests. 

Hedenstroemia Waagen ( Clypites 
Waagen) (Fig. 1189); Prodromites 
Smith and Weller (Fig. 1190); 
Aspenites H. and S. ; Longobardites 
Mojs. Carboniferous to Trias. 




Fig. 1189. 


Hedenstroemia kossmati H. and S. Lower Trias ; Idaho. 



Fig. 1190. 

Prodromites gorbyi Miller. Lower Carboni- 
ferous ; Missouri. 1/a (after J. F. Smith). 


Subfamily B. Sageceratinae Hyatt. 

Similar to the last, but lateral lobes bifid, and saddles acutely spade-shaped. 
Adventitious and auxiliary lobes numerous. Antisiphonal lobe bifid. Aperture has 
sinuous lateral outlines with crests at the ventro-lateral ridges. 

Pseudosageceras Diener (Fig. 1191); Sageceras Mojs. (Fig. 1192). Permian and 
Triaa 
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Subfamily C. Carnitinae Arthaber. 

Form and sculpture like that of the Sageceratinae, except that in the Carnitinae 
there is a tendency towards the development of ribs and knots. The septa are no 



Fiu. 1191. Fig. 1193. 

J’sfiudomgcccras intarmmtmnm H. aud S. Septa of Arihdbmtcs alcxandrac Diener. Middle 

Lower Triafl ; Idaho, x 8/ 4 , Trias ; Alps (after von Arthaber). 


longer lanceolate, but ceratitic or even largely digitate. The adventitious series of 


lobes is short, but usually highly complex. This 
group probably serves as a connecting link be- 
tween the Sageceratinae and the Pinacoceratinae. 

Oamites Mojs. ; Procarnites Art. ; Arthaberites 
Diener (Fig. 1193) ; Lanceolites Hyatt and Smith; 
Hauerites and Bambanagites Mojs. ; Bosnites Hauer; 
Tibetites Mojs. Trias. 

Subfamily D. Pinacoceratinae Mojsisovics. 

Forms thin, compressed, with acute venters. 
Lobes and saddles all finely digitate. Adventitious 
and auxiliary lobes numerous. 

The Pinacoceratinae reach the highest degree 
of complication of the septa found in any group 
of Ammonites. The general plan of their septa 
suggests a derivation from the Carnitinae, and 
through them from either Hedenstroeminae or 
Sageceratinae. It is also possible that the sub- 



Fio. 1194. 

Pinacoceras layerl (Hauer) Upper Trias ; 
Rothelstein, near Aussee, Austria. 
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groups under the Pinacoceratidae may have no near kinship with each other hut 
may rather he merely phylogerontic developments in different stocks. 

Pinacoceras Mojs. (Figs. 1194, 1195); Placites Mojs. 

AdL EL 



Fin. 1195. 

Pinacoceras mettendchi (Hauer). Keuper ; Someraukogel, near Hallstadt, Austria, 
Suture-line reduced (after Hauer). 


Family 9. Gdyphioceratidae Hyatt. 


Form robust and involute , or evolute and trapezoidal in section. Body -chamber long. 
Labial constrictions always present. Spiral ridges often present , especially on the venter. 
External septa somewhat like those of the Primordialinae , but the dorsal or internal septa 
have narrow saddles and an interior lateral lobe on either side of the pointed anti - 
siphonal lobe. 


Siphuncle small, and funnels generally prosiphonate. Aperture usually with 
hyponomic sinus, hut some species have ventral crests during ephehic stages. Shells 
smooth, tuherculated or costated, hut costae do not cross the venter as a rule. Venter 
sometimes with well-marked longitudinal ridges. 

This group is probably descended from the Cheilooeratidae, and is the ancestral 

stou k the Tropitidae and the Arcestidae, 
possibly also of the Ptychitidae. Muenstero- 
jSEipSiiiSk ceros, Gastrioceras (Figs. 1196, 1197), Glyphio - 



Fio. 1196. 

Gastnocerasjo8sae (M. V. K.) Permo- 
Carboniferous ; Artmsk, Ural. 




Fin. 1197. 


Fig. 1198. 


Fig. 1199. 


Gastrioceras diadma (Goldf.) 
Lower Carboniferous Lime- 
stone ; Choquier, near Li6ge, 
Belgium. 


Glyphioceras sphaericum Paralegoccras newsomi 
(Goldf.). Lower Carboniferous Smith. Coal Measures ; 
Limestone ; Suttrop, West- Arkansas, x Vo (after J. P. 
phalia. Smith). 


was (Fig. 1198), Paralegoceras (Fig. 1199), Schistoceras Hyatt; Pericychis Mojs.; 
* ronannites Hang. ; Praeglyphioceras Wedekind. Devonian and Carboniferous. 


Family 10 . Thalassoceratidae Hyatt. 

Forms robust , involute , laterally compressed. Septa from goniatitic to ceratitic to 
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complex digitate , but always with few lobes and saddles ; auxiliary series, if present , 
short; adventitious series consisting of not more than one Jobe. 





Fig. 1200. 

Dunorphoencu temnum Smith. Coal 
Montmres ; Texas, x 7a (after J. P. Smith). 



Fro. 1201. 


Septa of Thalassocerai s 
phnUipn Gemmel. Permian ; 
Sicily (after Gemmellaro). 



Fio. 1202. 

Septa of Umwria rnngeni Hyatt and Smith. 
Lower Trias ; Idaho 


This family is probably derived from 
Carboniferous. There is a 
general resemblance to the 
development of the Carni- 
tinae, in the formation of 
adventitious lobes, but 
there is probably no kinship 
with that group. 

Dimorphoceras Hyatt 
(Fig. 1200). Carboniferous. 

Thalassoceras Gemm. (Fig. 

1201). Permian. Ussuria 
Diener (Fig. 1202). Lower 
Trias. Sturia Mojs. Alpine 
Trias. 

Family 1 1. Ptychitidae 
Mojsisovica 


of the Devonian and Lower 



Similar in aspect to 
the more robust forms of 
Meekoceratidae, but having 
subacute venters , more com - Fig. 1203. 

vlex sutures, and the auxil- PtycHtes jlcxuosus Mojs. Med Hauer p.p.). Muschelkalk ; 

* . 7 Schroyer Alp, salzourg, Austria. 

iary semes straighten 

Ptychites (Fig. 1203), Japonites and Nannites Mojs.; Parannites Hyatt and Smith. 
Owenites Hyatt and Smith. Trias. 


638 


MOLLUSCA 


PHYLUM VI 


Family 12. Tropitidae Mojsisovics. 

Forms usually robust , but ranging from compressed-d'iscoidal to Jceg-shaped. Body - 
chamber long. Surface usually highly ornamented with ribs and knots. Septa are 
goniatitic in some reversionary genera , ceratitic in the most primitive forms known , but 
mostly slightly digitate. There are no adventitious lobes , and not more, than one 
auxiliary lobe. 

Tlie Tropitidae are derived from the gastrioceran branch of the Glyph ioceratidae, 
with such forms as Protropites and Columbites as connecting links. 


Subfamily A. Tropitinae Mojsisovics. 


Similar to the Anarcestidae in the ephebic stage, but the young frequently have 


volutions with highly trapezoidal sections 
section of a system of longitudinal 
ridges and transverse costae. Sutures 
have deep, narrow ventral lobes divided 
by siphonal saddles with peculiar trun- 
cated bases, which are often retained in 
later stages. Sutures in ephebic stages 
of some forms are similar to those of 
Haloritinae ; the young have a more or 
less prolonged coronate stage, and are 


Shells highly ornamented by the inter- 




Fio. 1204. 


Margarltes jolelyi (Hauer) 
Upper Trias ; Saudi mg, near 
Aussee, Austria. 


A B 



Fig. 1205. 

Tropites mblullatus (Hauer). Upper Trias ; 
Aussee, Austria. Vi- 



also keeled on the venter. Aperture narrower and with more pointed ventral crests 
than in the Haloritinae. 

Margarites (Fig. 1204), Tropites (Figs. 1141, G; 1149; 1205), Paratropites (Micro* 
tropites ), Barrandeites, Silbyllites Mojs.; Discotropites H. and S. (Fig. 1206), Trias. 


CEPHALOPODA 


Subfamily B. Haloritinae Mojsisovics. 

Shells more globose and more involute in the young than in tlie Tropitidae, and 
usually keelless, but having 
similar volutions in a number 
of species during later stages. 

Ornament as a rule simpler 
than in Tropitidae. Aper- 
ture usually with ventral 
crests, but these are primitive 
in outline, broad, and in some 
species scarcely indicated by 
the lines of growth. 

Halorites (. Eomerites ), 




Juvnvites mbmtrrruptiLs Mojs. 
Upper Trias ; California (after Hyatt 
and Smith). 


Sageniw herbichi Mojs. Upper Trias , California 
(after Hyatt and Smith) 


Jovites, Parajuvavites , Juvavites (Fig. 1207), (Anatomites, Qrieslachitee, Dimorphites), 

Miltites, Met a sib if it es , 
Sagenites ( Tr achy sag enites ) 
Mojsisovics (Figs. 1208, 
1209). Trias. 





Septa of Sagenites herbichi Mojs. Upper Trias ; California 
(after Hyatt and Smith). 


Septa of Acrochordiceras hyatti 
Meek. Middle Trias ; Nevada (after 
Hyatt and Smith) 


Subfamily C. Sibiritinae Mojsisovics. 

Forms robust and highly ornamented, with strong lateral ribs and knots. , Septa 
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ranging from ceratitic to moderately digitate This group is probably the connecting 
link between the Glyphioceratidae and the Haloritinae. 

Acrochordiceras Hyatt (Fig. 1210) ; Stephanites Waagen ; Sibirifes Mojs. Trias. 


Subfamily D. Celtitinae Mojsisovics. 

Forms discoidal, evolute and slender in most genera. In primitive forms witli 
strong umbilical ribs, frequent constrictions and low whorls resembling Gastrioceras . 

Septa always consisting of Jew lobes 
. 1 . ' and saddles, ranging from goniatitic, 

through ceratitic, to slightly digitate. 
0| Paraceltites Gemm. Permian. 

VI G dtites and Tropicellitcs Mojs, ; Golum- 

W r bites Hyatt and Smith (Fig. 1211); 

Proteusites Hauer ; Margarites Mojs. 

This group is the connecting link 
v \ between Gastrioceras of the Paleozoic 

'u and the Tropitinae of the Middle and 

Upper Trias. 


I yr y yy 



Cohmbites parisianiis Hyatt anti Smith. Lower Trias 
, Idaho (after Hyatt and Smith) 


A gnthicertts eiscae.nsc Smith. Coal 
Measures* ; Texas (after ,7. I\ Smith), 


Family 13. Arcestidae'Mojsisovics. 

Forms smooth , involute , robust , with frequent labial constrictions. Body-chamber 
long . Septa ranging from goniatitic , to complex digitate , but always with a tendency 
towards the multiplication of the lateral lobes , both external and internal. This family 
is undoubtedly derived from the gastrioceran branch of the Glyphioceratidae , but may 
be polyphyletic , inasmuch as both Agathiceras and Schistoceras may be radicals of 
subgroups. 

Subfamily A Popastooeratinae Hyatt 

Forms very robust and involute. Septa relatively simple, ranging from goniatitic 
(Agathiceras), though slightly serrated (Stacheoceras), but never becoming completely 
digitate. This is the oldest and the most primitive group of the Arcestidae, and pro- 
bably branched out from Schistoceras , with Stacheoceras as the connecting link. 


CLASS V 


CEPHALOPODA 


641 


Agathiceras Gemm. (Fig. 1212). Carboniferous. Btacheoceras Gemm. (Fig. 1213). 
Carboniferous and Permian. Pojpanocercts Hyatt (Fig. 1214). Permian. Parapopano- 



Fig. 1213. 

Septa of Stacheuceras ganti Smith. Coal 
Measures ; Texas (after J. P. Smith). 




lin 


Fig. 1214. 


Popanoceras multistnatum Gemm. 
Permo-Carboniferous ; Sosio, Sicily. 
a /3 (after Gemmellaro). 



B 

Fig. 1215. 

A, Megapkyllitcs insectus 
Mojs. Upper Trias ; Sand- 
ling, near Aussee, Austria. 
B, Suture-lme of M. jarbatt 
(Munster). 



Fig. 1216. 

Septa of MeyapTiyllites haugl Hyatt and Smith Middle 
Trias ; California. 


A ' B C 



Fig. 1217. 

Lobites delphinocephaZus (Hauer). Upper 
Trias ; Sandling, near Aussee, Austria. A, B, 
External aspect. C 9 Median section. D, 
Suture-lme, Vi- 



Fig. 1218. 


Lobites ptsvm (Minister). 
Keuper (Oamiolan) ; St. 
Cassian, Tyrol. 


cerai Hang ; Megaphyllites Mojs. (Figs. 1215, 1216). Trias; Europe. (?) Lolites Mojs. 
(Figs. 1217, 1218). Trias; Europe. 

VOL. I 2 T 
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Subfamily B. Cyololobinae Zittel. 


Forms as a rule much 



Fin. 1219. 

Septa of Shumarditps sitnondsi 
Smitlv. Coal Measures ; Texas. 


larger and with more complex septa than in tlie Popano- 
ceratmae. There is a distinct tendency towards a 
phylloid development of the saddles. This subfamily 
probably came from the Popanoceratinae, although the 
most primitive and oldest genus assigned to the group, 
Shimardites , almost certainly is descended directly from 
Schistoceras. 

Shumardites Smith (Pig. 1219). Carboniferous. Oyclo - 
lobus Waagen (Fig. 1220); TVaagmoceras Gemm. (Fig. 
1221). Permian. 

Subfamily C. Akoestinae 
Mojsisovics. 



This comprises smooth, globose, 
deeply involute anarcestean forms, 
discoidal only in primitive genera. 
Gerontic living chamber usually more 
or less contracted laterally, becoming 
sometimes subacute at the venter ; in 
extreme age depressed, and truncated 
or concave at the aperture. The 
latter has typically in the ephebic 
stage a low broad ventral crest, but 
loses this in the paragerontic sub- 
stage, and acquires a ventral sinus 
simulating that of Paleozoic and more 
primitive forms. Saddles and lobes 
completely divided by more or less 
complex marginals, the monophyllic 
outline being completely obscured 
except in the young, and in dorsal 
sutures of some species. Siplional 
saddles long, and not very deeply 
incised by marginal lobes. Antisi- 
phonal lobe bifid or trifid, and com- 
plex in specialised forms. Other 
dorsals may also become quite com- 
plex, and as a rule are completely 
divided, although of course simpler 
than the external sutures. Dorsal 
sutures in the young resemble those of the Popanoceratinae. Funnels prosiphonate 
in ephebic stage. 

Sphingites, Arcestes (Figs. 1139, 1222), Stenarcestes, ’ Proarcestes, Pararcestes, 
Ptycharcestes , Joannites (Fig. 1223), Didymites Mojs. (Fig. 1224). Trias. 


Fig 1220. 


Cyelolobus stachri Gemm. Permo-Carboniferous ; 
Sosio, Sicily (after Gemmellaro). 



Fia. 1221. 


Septa of Waagmoceras htth Smith. Permian ; 
Texas, x 1/2 (after J. P. Smith). 


Family 14. Cladiscitidae Mojsisovics. 

Involute i, latemlly compressed, with abruptly rounded ventral shoulders and flattened 
venter . Umbilicus closed. No contraction of the aperture , and no labial constrictions . 
Body-chamber long . Surface spirally striated. Lobes and saddles numerous* deeply and 
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Fits. 1222. 

Arccstcs mtuslabtatns Mojs, Upper Trias ; Steinbergkogol, near HallHtadt, Austria. 
A, B, Extern al| aspect. V t Median section. D, Suture-line. 



Fia 1223. 


finely divided , arranged serially. 
The stems of the saddles are long 
and narrow , divided antenorly into 
two or four branches. 

The shape and ornamentation 
of the shell suggest a derivation 
from Agathiceras of the Carboni- 
ferous and Permian, but no con- 
necting links are known. 

Gladiscites Mojs. (. Eypocladiscites 
Mojs.) (Pig. 1225). Trias. 

Family 15. Meekoceratidae 
Waagen. 

Compressed discoidal and in - 

Fia. 1224. 


Joannites cymWormis Wulfen. Upper Trias ; Raschberg, 
near Aussee, Austria Natural mould showing the living 
cliamber (after Mojsisovics). 


Suture-line of Didymites subglobus 
Mojs. Upper Trias ; Somerankogel, 
’near HalMadt (after Mojsisovics). 


volute forms. Surface nearly smooth , radial folds being oftm present , but constrictions 
and spines always absent. Body -chamber short Septa simple goniatitic in primitive 
forms, becoming ceratitic in most genera , but rarely reaching a digitate stage of com - 
plexity in even the most specialised groups. The ventral lobe is divided in all forms ; 


644 


MOLLUSCA 


PHYLUM VI 


the dorsal (antisiphonal) lobe is undivided in the most primitive forms , and bifid in the 
j jj * more specialised groups. 



Fig. 1225. 

Cladiscltes tomatus (Bronni Upper Trias ; Steinbergkogel, near nallstadl, Austria. 
A, B, Lateral and anterior views. C, Suture-line. 


Subfamily A Lecanitinae Hyatt. 

Primitive discoidal shells like those of the Prolecanitidae, with short rounded entire 
saddles and lobes like those of Prolecanites , but ventral lobes divided by short com- 
paratively broad and entire siphonal saddles. There are all 
stages in the development of these saddles, so that their 
aspect is rather variable. There are as a rule but two 
principal lateral saddles and lobes, with one auxiliary saddle 
and shallow lobe on either side in primitive species, but in 
others the number of auxiliaries may be considerably in- 
creased. Antisiphonal lobe entire, and often 
long and acute. The zygous dorsal lobes are 
very slight so far as known, and entire; 
merely marginals in the dorsal saddles. 

Paralecanites Diener (Fig. 1226). Per- 
mian and Triassic. Lecanites Mojs. ; Kyvna- 
tites , Parahymatites Waagen ; Proavites 
Arthaber; Badiotites Mojsisovics (Fig. 122 7). 
™ r Trias. 




Fig. 1226. 

Paralecanites amoldi H. 
and S. Lower Trias ; Idaho 
(after Hyatt and Smith). 


Fig. 1227. 

Badiotites 
(Munsfc.). Keuper; 
SC Cassian, Tyrol. 


Subfamily B. Meekoceratinae Waagen. 

Shells smooth, compressed, discoidal and involute, and as a rule with narrow and 
more or less flattened venter. Sutures in many forms have a tendency to extend the 
inner lateral saddles or lobes, and to develop a corresponding series of auxiliaries ; 
and this is carried to an excessive extent among some highly involute shells. The 
ventral lobes, however, are apt to remain broad and shallow; their arms become 
highly denticulated except in the Lecanitinae where they are narrow and rounded. 
Saddles entire and generally somewhat elongate and linguiform, but plainly of the 
Lecanites type. Antisiphonal lobe, so far as known, long, narrow and bifid. Ex- 
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tremities or dorsal sutures produced and corresponding with the inner parts of the 
external sutures. 

Meelcoceras Hyatt (Fig. 1228); Nicomedites Toula (Koninckites) ; Glypeoceras nom. 
nov. (Aspidites Waagen), of which the type is Aspidites 
superbus Waagen ] ; Proptychites Waagen. Triassic. 



Family 16. G-ymnitidae Waagen. 

Smooth , compressed , discoidal • shells with rounded 
venter in primitive forms , becoming involute with acute 
venter in specialised species . Septa not reaching above 
the ceratitic stage of development in most genera , but not 
remaining in the goniatitic stage in any known genera. 

Sutures in specialised groups similar in convexity and 
general aspect to those of the Pinacoceratidae , but 
having peculiar , highly inclined auxiliaries which are 
developed apparently from marginals on the umbilical 
of the saddles; no corresponding adventitious 
Siphonal saddle similar to that of Meeko- 
ceratidae , and arms of the ventral lobe narrow. First 
lateral saddles are dependent on , or attached to the 
large siphonal saddles , and often simulate adventitious 
saddles. 

Ghjmnites Mojs. (Fig. 1229) ; Buddhaites Diener ; 

Anagymnites Hyatt. Type A. (Qymnites) lamarcki (Diener). 

Type P. (Plac.) sakuntala (Mojs.). Trias. 

Xenodiscus and Xenaspis Waagen. Permian and Trias. Ophiceras Griesbach (Fig. 
1230). Trias. Flemingites Waagen (Fig. 1231). 

Trias. Japonites Mojs. Trias. Europe and Asia. 

The Gymnitidae are commonly regarded as a 
subfamily under the Ptychitidae, but they are 



Fig. 1228. 

Mrckoceras vmsMachannm White. 
Lower Trias; Idaho, x tya (after 
Hyatt and Smith). 


Paragymnites Hyatt. 




more probably an offshoot from the Lecanitinae, and through them from the 
Gephyroceratidae. 

1 The name Aspidites was preoccupied when Waagen used it, and a new one becomes necessary. 
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Family 17. Hungaritidae Diener. 

Form involute , laterally compressed, with heeled venter. Surface often ornamented 


Fio. 1231. 

Flemlngites russrUi H. and S. Lower Trias ; 

Idaho l/ 2 (after Hyatt and Smith). 

with folds , ribs or knots. Body 
chamber short. Septa usually cera - 
titic, not reaching the digitate stage 
in any genera , but persisting in the 
goniatitic stage in Beneckeia. 

This group is not regarded as 
a side branch from the Meekoce- 
ratidae, but as an old and persistent" 
stock, coming down with little modification from the Gephyroceratidae, probably 
from the keeled form Timanites. The Hungaritidae have been confused with the 
group of keeled Geratites, and also with compressed members of the Tropitidae, but 
the resemblance is one of convergence, and bespeaks no near relationship. 

Eungarites Mojs. ; Otoceras Griesbach. Permian and Trias. Bmeckeia Mojs. ; 
Inyoites Hyatt and Smith (Fig. 1232); Babnatites KittL Permian and Trias. 
Eutomoceras Hyatt (Halilucites Diener). Trias. 

Family 18. Ceratitidae Mojsisovics. 

Forms evolute to involute , laterally compressed to robust and rounded. Surface 
usually ornamented with folds, ribs , knots , spines or tubercles. Venter in some genera 
provided with a keel , in others with a median furrow ; and occasionally biangnlar. Body 
chamber rather short. Septa ranging from the goniatitic stage in some arrested or re - 
versionary forms, through the typical ceratitic stage, to complex digitation. 

This family may be, and probably is, polypliyletic, but a large part of it, including 
the typical Geratites , Beerns to have been derived from Meekoceras or from some member 
of that group. Only the more primitive members of Geratites show a youthful stage 
similar to Meekoceras , but there seems to be a perfect intergradation between the more 
complex species of Meekoceras and the more primitive species of Geratites. 

Subfamily A. Ceratitinae Mojsisovics. 

Primitive forms are discoidal or involute, but stout-whorled and keelless, becoming 
more compressed, and having a broad, slightly elevated median ventral ridge in more 
specialised genera. Sides have at least one line of nodes in primitive forms, and are more 




Fin. 1282. 

Inyoites owcni H. and 8. Lower Trias ; California 
(after Hyatt and Smith). 



CLASH V 


CEPHALOPODA 


647 


or less completely costated with several lines of tubercles in specialised shells. Sutures 
in the young and in primitive genera have a magnosellarian aspect, but when the broad 
internal saddles become divided, the internal inflections resemble those of Lecanitinae. 




CaniitMiwdntiMfa TIaan. Muschelkalk ; Wurzburg, Bavaria. A, II, Conch, I/,. C, Loft half of suture-line. 
/>, Kirnt and Hcxond lateral middles and auxiliaries to left of line of involution (n)\ half of dorsal suture-line to 
right. (AL, AnUsi phonal lobe ; other lottoring as in Figs. 1145, 1146.) 


In primitive forms ( Olenikites ) the saddles are broad and very shallow ; lobes entire, 
and ventral lobe divided by a larviform siphonal saddle, which is sometimes entire. 

The large nodes and stout volutions of primitive 
forms indicate parallelism with Stephanites. Saddles 
and lobes have the typical ceratitic outlines, as a rule, 
hut in some forms the auxiliary line may be extended as 
in the Meekoceratinae. Occasionally, also, costae may cross 
the venter as in Sibiritinae. 

Geratites de Haan (Figs. 1233, 1234) ; Danubites and 
Balatonites Mojs. ; Rdfltngites Artliab. Gymnotoc&ras and 
Olenikites Hyatt. Type 0. (Din.) spiniplicatus (Mojs.). 

KeyserUngites Hyatt. Type K. (Geratites) subrobustus 
Mojs. B&jjrichites Waagon. Subgenera : Hollandses and 
Phillippites Diener. Trias. 

Subfamily B. Tirolitinae Mojsisovics (pars). Fig. 1234 . 

Ceratitrs trlnodosus Hauer. Mus- 

Oompressed, discoidal or involute shells resembling cheikaik , Bakony, Hungary (after 
Dinaritinae in their sutures and having entire saddles M °^ S1S0V1CS ^ 
and slightly denticulated lobes. Ventral lobe may remain entire until a late stage 
in some forms, but as a rule it is divided, and the siphonal saddle is small and often 
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entire. Shells have a line of nodes on the ventro-lateral angles, and the venter is 
invariably smooth and convex. 

Includes Tirolites (Fig. 1235) and Metatirolites Mojs., from the Alpine Trias and 
from Idaho. The subfamily of Clydonitinae lias sutures 
similar to Tirolites , but costae interrupted on the venter, 
which is often channelled. Includes Glydonites and Eremites 
Hauer ; and Ectolcites Mojs. Trias. 

Subfamily C. Dinaritinae Mojsisovics f pars). 

Sutures resembling Tirolites in having only two broad 
saddles, one pair of first lateral lobes, and incomplete lobes 
at the umbilicus. Shells smooth, or with coarse folds 
most prominent at the umbilical shoulders ; sides more or 
less flattened or planoconvex, and venter rounded. 

Dmarites Mojs. ; Cuccoceras Diener. Trias. 

Subfamily D. Buchitinae Hyatt 

Primitive forms similar to Oeltitinae, with smooth 
elevated venter ; more specialised shells with Rliglxt keel on 
the narrow venter, and simple costae or folds on the sides. 
Lower Trias ;Grones-Hof, near Sutures have entire outlines, or lobes but slightly denti- 
ut. a^siaa, . jtva, culated ; and when the saddles are completely divided 

their marginals are small Sutures otherwise similar to those of Dinaritinae, and the 
young have a Dinarites stage. Antisiphonal lobe entire and bifid in some forms. 

Buchites , Helictites , Phormedites , Parathisbites and Glyphidites Mojs. Trias. 

Subfamily E. Arpaditinae Hyatt 

Differs from the Buchitinae in the tendency to form channelled venters bordered 
by two ridges, which may be either tuberculose or smooth. 

Arpadites (Fig. 1236), Klipsteinia , Dittmarites } Muensterites , Steinmannites , Daph- 
nitesj Dionites , Drepanites , HeracUtes, Guembelites , 

Cyrtopleurites and Acanthinites Mojs. Trias. 

Subfamily F. Trachyceratinab Hyatt 

Discoidal and involute shells with well-defined and 
often profusely tuberculated costations which are 
interrupted on the ventral aspect by a smooth zone 
or channel This may in some specialised forms 
become a distinct channel bordered by tuberculated 
ridges. Lobes and saddles completely divided by 
marginals, but these do not become very long nor 
complex. 

Distichites, Trachyceras (Fig. 1237), Protrachycems (Fig. 1238), Anolcites , Sand- 
lingites, Sirenites , Anasirmites , Diplosirenites and Clionites Mojs. (Figs. 1239, 1240). 
Trias. (?) Hesperites Pompeckj. Rhaetic. 

Subfamily GL Choristoceratinae Hyatt. 

Discoidal ammoniticones in primitive forms, becoming uncoiled phylogerons, and 
finally even complete baculiticones in the most specialised species. Sutures also 



Fig. 1230. 

Arpadites rinvms Mojs. Keupor ;■ 
Esino, Lombardy; 


n LS 



Fig. 1235. 

Tirolites cassianus (Quenst.) 
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phylogerontic, having only six entire or very faintly denticulated lobes, and six 
entire saddles. Ventral lobe divided, and the antis] phonal either entire or bifid at 



Clionites fairbanksi H and S. Upper Trias ; 
California (after Hyatt and Smith). 


Polyoyclus nastur- 
tium (Dittmar). 
Keuper; Sandlmg, 
near Aussee. 


Ghonstoceras mcvrshi 
Hauer. Rliaetic ; Kendel- 
engraben am Osterhom, 
near Salzburg. 


its extremity. Dorsal lobes and saddles otherwise entire. Connected through 
Polyoyclus with Buchites , according to Mojsisovics. 

Pohjcyclus (Fig. 1241), Peripleurites Mojs. ; Choristocems (Fig. 1242), Rhdbdoceras 
Hauer (Fig. 1243). Trias. 
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Subfamily H. Cochlogeratinae Hyatt. 

Turriliticones with costae similar to those of the preceding group, but more or less 

asymmetrical in consequence of the asymmetry 
^ A n of the spires. Lobes reduced to four m number, 

and there are other phylogeroutic suppressions. 
Funnels monoclioanitic, collars absent. 

Gockloceras Hauer (Fig. 1244) ; Paracochloceras 
Moje. Trias. 

Family 19. Phylloceratidae Zittel. 

Shells smooth , with radial striae or weak folds. 
¥m. 1243. Form compressed , with rounded venters. Body 

Ehabdoceras suessi Fin * 244, 

Hauer. Keuper ; 

Sandling, near 
Aussee (after 
Hauer). 



CoMoariisfiAeri chamher tnMn 0 «P one-linlf to three-fourths of the 


Hauer Sandling, 
near Aussee (after 
Hauer). 


last volution. Aperture simple, with short ventral 
crest. Lobes and saddles numerous , decreasing in 
towards the umbilicus. In primitive genera the 
saddles have monophyllic bases resembling those of the Popanoceratinae , but in the more 
r specialised groups only the marginal saddles retain the rounded outline , the others 
becoming deeply divided , although always remaining phylloid in termination. 

Monophyllites is the oldest and most primitive of the Phylloceratidae, and 



Pig. 1245. 

Monophyllites simonyi (Hauer). Upper Trias ; 
Rotlielstein, near Aussee, Austria. 



Pig. 1240. 

MonophyUitea biUtngticmun Gabb. 
Middle Trias ; Nevada (after Hyatt 
and Smith). 


probably connects the family with Nomismoceras or * some other derivative of the 
Gephyroceratidae. The resemblance of Phylloceras to the Permian Arcestidae is 
purely one of convergence, for neither the young of Phylloceras nor the adults of 
Monophyllites resemble any genera of the Arcestidae. But the young of Phylloceras are 
like adult Monophyllites , and the young of Discophyllites are at first like Nomismoceras , 
and the adolescent stages like Monophyllites . The development of Monophyllites 
itself has not yet been studied. 
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The family of the Phylloceratidae is the most persistent and the longest-lived 
among the Ammonoids, being continuous from the Permian to the Upper Cretaceous. 

Subfamily A Monophyllitinae Smith. 

Shells compressed, discoidal, evolute. Septa with primitive monophyllic saddles, 
and more regular in the relative size of the lobes and saddles than the succeeding 
group. Antisiphonal lobe bifid, but otherwise entire. Monophyllites Mojs. (Figs 
1245, 1246) (Mojsvarites Pompeckj) ; DiscophylUtes Hyatt (type Lytoceras patens Mojs.). 
Triassic. DiscophylUtes forms a connecting link with the Phylloceratinae, and might 
with equal propriety have been classed with that group. 

Subfamily B. Phylloceratinae ZitteL 


Form usually involute. Septa very complex, with the saddles deeply digitate, 



Fio. 124S. Fia 1249. 


PhyUoceras heterophyllum (Sowb.). Uppor Phylloccras ptychoicrwri (Qnenstedt). Tithoman ; Stramberg, 

Lias ; Wliitby, Yorkshire. Moravia. AL, Antisiphonal lobe. 




652 


MOLLUSCA 


PHYLUM VI 


but retaining the phylloid ending, and with the marginal saddles retaining the 
monophyllic outlines. Antisiphonal lobe with entire sides, or with only one pair of 
lateral branches, and extremities bifid. 

Ehacophyllites Zittel (Fig. 1247) ; Euphyllites Wahner ; Phylloceras Suess (Figs. 


*i6 aji aA o3 o3 <0- Z L SI SL L l tO- n l IA AL 

Fid. 12B0. Flo. 1251. 

Suture-lme of Phyllweras niUson i (Heb ) Suture-lme of S<nrerhurran tortlmkatum (d’Orb.) 

Upper Lias (aitei Quonstodt). 

SL, Ventral or slphonal lobe ; X, First, and 1, Second lateral lobes ; ra 1 Inner or so-called auxiliary lobes ; 
a, Line of involution ; Ia % Second dorsal lobe ; AL, Antisiphonal lobe. 

1140, 1248-1250) ; Sowerbiceras Parom and Bon. (Fig. 1251) ; Dasyceras Hyatt. Type 
D. (Phylloceras) rakosense (Herbich). Schistophylloceras Hyatt. Type S. (Phylloceras) 
aulonotum (Herbich). Geyeroceras Hyatt Type G. (PhjlL) cyhndricum (Geycr). 
Tragophylloceras Hyatt Type T. (Phylloceras) heterophyllus-nimiermUs (Quenst). 
Mmeghiniceras Hyatt Type M. (Phylloceras) lariense (Menegh.). Trias to Cretaceous. 

Family 20. Lytooeratidae Neumayr. 

Shell widely umbiUcate , sometimes forming a loose or mail-like spiral , sometimes 
even hook-shaped. Body chamber two-thirds to three-fourths of the last volution. Aperture 
rounded , whorls little embracing. Surface often ornamented with simple ribs or rows 
of knots. Septa deeply divided, with usually two lateral lobes and an auxiliary. The 
first and often the second lateral lobes and saddles are deeply bifid. 

In all probability the family Lytoceratidae is not monophyletic, some of the 
Scaphites and other degenerate groups coming from different stocks. The Lytoceratinae, 
however, appear to be monophyletic, and to have been derived from Monophyllites . 

Subfamily A. Lytooeratestab Mojsisovics (pars). 

Includes only closely coiled, discoidal and involute shells with somewhat prominent, 
often crenulated, transverse bands of growth. Antisiphonal 
lobe with two long internal branches bending inwards and 
attached to surfaces of the septa. Siphonal lobe short 
like that of Phylloceras , and siphonal saddles narrow. The 
first lateral saddles small and short, the first lateral lobes 
much longer than the ventral Reduction of lobes along 
the line of involution is such that there are commonly 
only six to eight m full-grown shells. 

Lytocems Suess (Thysanoceras Hyatt) (Figs. 1252, 
1253). Jura and Cretaceous. Alocohjtoceras Hyatt (Fig. 
Fiq 1252 . 1254). Type A. (Amm.) germainei (d’Orb.). Plourohjtoceras 

Lytueercufjimbriaiiim (Sowb.). Hyatt Type P. (Amm.) hirdnum (Schloth.). Jura. 
Croaa-aectfS [cst^u^ Tetragonites Kossmat ; Gaudryceras Grossouvre. Cretaceous. 

Subfamily B. Maoroscjaphitinab Hyatt 

Symmetrical, closely coiled, discoidal ammoniticones during young stages (and 
persistently so in primitive forms), but becoming uncoiled in gerontic stages or earlier 
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Lytoceras lldngi (Oppel). Titlionian ; 
Stramberg, Moravia. 


in the ontogeny of pliylogerontic forms, 
and finally straight in some genera. 
Antisiphonal lobe short, and in some 
genera trifid. Shells have constrictions 
and large costae at intervals, but no 
tubercles at any stage. 

Macroscaphites Meek (Fig. 1255) ; 
Leptoceras, Gostidiscus TJhlig ; Tropaeum 
Sowb.; Hamites Parkinson (Fig. 1256) ; 
Ptyclioceras d ; Orb. (Fig. 1257) ; Dipty- 



Fiu. 1254. 

Alucolytuccras geniuunn (d’Orb.). 
Upper Lias ; Pinpeidu, near 
Salins, Juia 



Fm. 1256. 

Macroscnphitcs ivanii (d'Orb ). 
Upper Neocomian ; Mallonewiti:, 
Carpatliia. 



Fiu. 1256. 

Ihmitcs rotundatun (Sowb.). 
Gault; Folkestone. 



U 

Fm. 1257. 

Ptyekocercu t puzo- 
aianum (d’Orb.). 
Barremtan ; Vergons, 
Basses Alpes. 
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choceras Gabb ; Gyrtochilus Meek 



Fig. 1258. 

A, Baculites anceps Lam. B, B. faujasi 
Lam. Upper Cretaceous ; Maastricht. | 



Fig. 1259. 

Suture-line of DiplorriocerascyUndraceuin 
befr. Uppermost Cretaceous ; Tresville, 
Manche. 


(Scipionoceras Hyatt) ; Baculites Lam. (Fig. ] 258). 

Biplomoceras Hyatt (Fig. 
1259). Type D. (//am.) cylin- 
der aceum (d’Orb.). Hamulina 
cFOrb. (Fig. 1260, A). Cre- 
taceous. Baeiilina d’Orb. 
Juras. 

Subfamily C. Tuurilitinaic 
Hyatt (pars). 

A heterogeneous group 
of turret-shaped cones, with 
shells highly ornamented 
with ribs and tubercles. In 
Turrilites the spire is sym- 
metrical and close- coiled ; in 
most other forms it is un- 
symmetrical, and more or less 
open. The relationship of 
this group to the Lytocera- 
tidae is extremely problema- 
tical. 

Turrilites Lamarck. (Fig. 
Fio. 1200. 1261); Heteroceras d’Orb. 

A, Hem uhna mbeylin - (Fig. 1262); Emperoceras 
H y att ; Helicocems d’Orb. 

Neocomian ; Angles, BawHOR Cretaceous. 

Alpes (after Uhlig). 



Family 21. Aegoceratidae Neumayr. 

Form discoidalj mostly widely umbilicate . Whorls 

smooth , or with straight radial ribs that occasionally 


bifurcate at the venter. Aper- 
ture without lateral ears. 
Venter with keel , or with for- 
ward pointing crest . Body 
chamber comprising from 
three-fourths to more than a 
complete revolution . Suture 
line not deeply digitate ; 
usually with only two lateral 
lobes and an auxiliary. 

Subfamily A Psilocera- 
tinae Zittel. 

Widely umbilicate, 
whorls laterally compressed, 
smooth or with simple ribs 
which do not cross the 
rounded keelless venter. 

The Psiloceratinae are 



Fig. 1201. 

Turrilites catenatus d'Orb. 
Gault; Escragnolles, France (after 
d’Orbigny). 



Fig. 1202, 


phalia. 
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commonly supposed to have been the progenitors of all the other Aegoceratidae. 
It is, however, just as likely that they are a degenerate group, revemionary towards 
the ancestral radical. They have a certain re- 
semblance to Monophyllites , which has given rise 
to the idea that they may be an offshoot from the 
Phylloceratidae. This too is improbable, the re- 
semblance being most likely a convergence pheno- 
menon. 

Pdlocems Hyatt (Fig. 1263); Tmaegoceras 
Hyatt. Lias. 

Subfamily B. Arietitinae Zittel. 

Venter with strong keel. Form e volute, volu- 
tions of discoidal forms more quadrate than in 
preceding families, and often with a channelled 
venter. Costae more strongly developed as a rule, 
and with prominent ventro -lateral angles, which 
are sometimes tuberculated. Sutural inflections 
reduced in number and complexity as compared 
with preceding families, and phylliform marginals 
replaced by saddles of more irregular aspect. 

Ventral lobe long and narrow, with corresponding 
siphonal saddle. Usually only two pairs of large lateral saddles, the second often 
the most prominent. First pair of lateral lobes large, second and third pairs successively 
smaller ; third and fourth pairs of saddles also smaller, the last often partially on 

the line of involution. Antisiphonal lobe 
bifid, very long, and sometimes complex. 
One pair of large dorsal saddles, and one of 
short, often incomplete lobes. Anapytchus 
observed in several species. 

There are two types of young in the Arieti- 
tinae, which afterwards become separated in 
other related groups : a broad depressed or 
coronate type occurs in typical Arietites and 
some others, and the compressod Psiloceran 
type in Arnioceras , etc. Pseudotropites shows 
that Coeloceras may have originated from 
the Arietinae through persistent develop- 
ment of a trapezoidal form of young with 
correlative changes. Arietites Waagon (Figs. 
1264, 1265). 

Subgenera : Vermiceras , Goroniceras (Fig. 
1146), Arnioceras , JDiscoceras , Aster occras, and 
Ophioceras Hyatt. Lias. 

Subfamily C. Abgooeratinae Zittel. 

Form widely umbilicate. Whorls with lateral ribs which frequently either divided 
or undivided extend across the keelless venter. Under this subfamily are two groups 
of genera, the first being that of Aegoceras Waagen which Hyatt has called the “ Liparo- 
ceratidae.” In this the volutions remain rounded in section and frequently retain a 
primitive discoidal aspect. Costae almost entirely disappear on the venter of some 
forms, but form very large continuous folds in others. Sutures become excessively 
complex, saddles narrow and deeply cut by complex marginals, and ventral lobe corre- 
sponds, but usually of about equal length with the lateral lobes. Antisiphonal bifid; 



Fig. 1264. 

Arietites UsvXcatus Brug. Lower Lias ; COte d’Or 
(after d’Orbigny). 





Fig. 1203. 

Psiloceras planorlns (Sowb.). Infra- 
Lias ; Bebenhausen, Wurtemberg. Ana- 
ptyenus in living chamber. 
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and resembles (as do also the two dorsal saddles and small dorsal lobes) those oi 
the Arietitinae. A 



Fig. 1265. 

Arletites Usulcatus Brug. Lower Lias ; Wurtemburg, A, Suture line ; Jl % C, Portion of volution seen irom 

the lateral and ventral aspects. 



Fio. 1266. 

Aegocejas capricomus (Schloth.). Middle Lias ; 
Gmund, Wurteraberg. 


Aegoceras Waagen (Fig. 1266) 
Hyatt has proposed the following 
subgenera : Liparoceras, Microdero- 
ceras and Androgynocems. Lower and 
Middle Lias. 

The second group is that of Schlo- 
theimia Bayle, called by Hyatt the 
“ Angulatidae.” This includes more 
or less compressed and costated shells, 
the costae sometimes crossing the 
venter in the young or extreme age, 
but usually interrupted in the adult 
by a smooth and occasionally sunken 
median zone. Sutures inclined apicad 
near lines of involution, more com- 
plex in outline than in typical Arie- 
tites , and with phylliform marginals 


, more like those of Pdloceras . Ventral lobe broader and shorter, with larger siphonal 


CLASS V 


CEPHALOPODA 


657 


saddles than Ariehtes, and antisiphonal lobe bifid, longer and more complex. First 
pair of dorsal saddles large and long, other 
dorsal inflections variable, but generally more 
numerous than in Ametites. 

Schlotheimia Bayle (Fig. 1267); Waeh- 
nerocems Hyatt. Lower Lias. 

Subfamily D. Polymorphinae Haug. 

Shells compressed discoidal, with smooth 
young like those of Pdlocems. Costae apt 
to be inclined or slightly sigmoidal, and 
continuous across the venter. This is crenu- 
lated in primitive forms, but becomes smooth, 
channelled or keeled in specialised shells. 

The latter have sutures similar to those of 
Schlotheimia, but less complex. 

Agassiceras Hyatt ( Paroniceras Bonar. ; 

Cymbites Neumayr ; Amm. globomm Opp. ; 

Amm. miserabile Quenst.). Liparoceras Hyatt (. Ammonites bechei Sow.) ; Polymorphites 
Sutner ; Dumortieria Haug ; Amphiceras Gemm. Lias. 

Family 22. Harpoceratidae Neumayr. 

Discoidal and involute shells , with sigmoidal costae. Venter with smooth or crenulated 
Jceel. Aperture with curved sides or with projecting lateral ears, and rounded ventral 
crest. Septa simply digitate , with the lobes and saddles arranged in a straight line, and 
usually with several auxiliary lobes. 

This family, which probably originated from the Arietitinae, ranges from the 
Lias to the Lower Cretaceous. 



Fkj 1267. 

Srhlothemia anyulata (Schloth.). Lower Lias ; 
Goppingen, Wurtemberg. 


Subfamily A. Harpooeratinae Zittel. 

Discoidal involute shells with sigmoidal costae separated throughout or confluent 




Fkj. 1269. 

Llocuras opalinim (Rem.). Lower Dogger ; 
Teufelsloch, near Boll, Wurtemberg. 


on the median lateral line, and sometimes bifurcated externally. Nodes never present, 
VOL. I 2 u 
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although prominent crescentic ridges may arise on the sides through confluence of 
costae. The latter are straight in primitive Gatullocems , which resembles Galoccras 

in aspect. Discoidal forms often both 
keeled and channelled on the venter, and 
sometimes have broad furrows on the 
sides. Specialised involute shells have 
solid keels, but usually no channels, and 
lateral zones often become smooth. Sutures 
comparatively simple, and in discoidal 
forms are similar to those of Arnioceras, 
but more complex in highly involute 
forms. 

Harpoceras Waagen, and subgen era: 
Hildoceras (Fig. 1268), Liocems (Fig. 
1269), Grammoccras Hyatt (Fig. 1270); 
Gatullocems Gemm. ; Arid a eras Seg. ; 
Hyperlioceras , Graphocems, Ilmsilia and 
Darellia Buckman. Upper Lias and In- 
ferior Oolite. 

Poecilomorphns , TTnddlestonia , 
Brodieia , Gomoyyria , JFdschia Buckman ; 
Ludwigia Bayle. These are also subgenera from the Inferior Oolite. 

Subfamily B. Oppeliinae Hang. 

Discoidal and highly involute shells with sutures, form and markings in primitive 
species that show affinity with Harpoceran stock, and apparent derivation from Poccilo- 
moiphus through typical Oecotmnstes. Costae highly flexed and sometimes fused, hut 
no well-marked lateral channels as in hollow-keeled groups, 
and sides flattened, except in primitive species. The keel 
may become very prominent, and filled with shell layers, 
but never hollow. It disappears on the body chamber. 

Aperture with ventral crest. The sigmoidal ribs often end 
in marginal knots. Septa finely digitate. This subfamily 
ranges from the Middle Jura to the Cretaceous, its maximum 
falling in the Upper Jura. Typical genera are Oppclia 
Waagen (Figs. 1155, 1157, and 1158), and Oecotraustes 
Waagen (Fig. 1271). A revision of the group has recently 
been published by Douvilld (1913). 

Oppelia has been subdivided into a large number of 
groups, or transitional series (“ Formenreihe J; ), some of which ^ I>pe ^ ora ™ lori ia n ’ stram ' 
might even take rank as subfamilies, but most of them ° r ’ 
are hardly more than subgenera. The largest group, which Hyatt distinguished 
under the name u Glochiceratidae,” includes discoidal and involute 
shells, smooth in primitive species, but acquiring highly inflected 
costations, sometimes with two rows of tubercles on the sides, and 
a median ventral row that may fuse into a continuous solid keel. 
One line of ventral tubercles may also arise directly from folds that 
appear in otherwise unomamented shells. Aperture sometimes 
with long lateral lappets. Sutures similar to those in the Haplo- 

J7 1U JL2<Z. .j A * 

Crmiceras renggeri cer &tldae. 

roppei). Oxfordian; 1 Cadomoceras , Grmiceras , Mun. -Chaim. (Fig. 1272); Phtycticeras 
Sahas, aura. (Lophoceras Bonar.) ; Ochetoceras Haug (Fig. 1273); Gymaceras 

Quenst. (emend. Hyatt). Type G. ( Ammonites ) guembeli (Opp.). 8 trigoceras Quenst. 



Venter often truncated 



Oecotraustes macroleUis 



Fia. 1270. 

Harpoceras Grcmmoeeras thouarsensi d’Orb. Upper 
Lias ; Heinmgen, Wuxtemberg. 
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(Buckman) ; Strehlites Hyatt (Fig. 1274). Type S. (Ammonites) pictus-costatus 
(Quenst.). Glochicems Hyatt. Middle and Upper Jura. 

Another group, which Hyatt called <c Distichioceratidae,” includes the genera 



Fig. 1273. Fig. 1274. 

Ochetoceras pixiios'im (v. Buell). Upper Streblites tenuilobatus (Oppel). Upper Jura; 

Jura,(j 3 ); Laufun, Wurtemborg. Pappenheim, Bavaria. 


Horiocems and Distichoceras Munier-Chalmas, with septa simpler than in Glochicems > 
owing to arrested development. The young of Distichoceras repeat the characteristic 
form and costae of Glochicems , with smooth venter and lateral tubercles, and then 


acquire the features of Horiocems before the 
median continuous keel of Distichoceras arises. 

Family 23. Amaltheidae Fischer (pars). 

Form laterally compressed, usually involute, 
high wliorled. Sides with gently curved ribs or 
folds, and often with lateral knots or spiral 
lines. Venter keeled, and the keel is often 
crenulated by ribs or thickened growth lines. 
Aperture simple, or with narrow ventral crest 
Sutures deeply digitate with several auxiliary 
lobes. 

Subfamily A. Amalthelnae Hyatt. 

Discoidal and involute shells, the young of 
which have fold -like costae rising into heavy 



nodes just inside the lines of involution. Costae Fig. 1275. 

•became prominent and sharp at the mnbiUcal LgSer £ 3 £ 

shoulders and ventro -lateral angles, and true away and exposing “ wrinkled layor M on 

.11 . -rr a _ +Q _ Voalorl ventral surface. This is homologous with the 

tubercles appear m some groups. Venter tee Lea « black layer ” of Nmtilus . 

and sulcated in discoidal forms, the keels alone 


persisting m more involute species. Keel solid and crenulated by the passage of costae 
or folds across the venter. Anaptychus present. Nodes prominent in the young of 
primitive species ; costae with only one row of tubercles in later stages or none ; keel 
invariably present and crenulated. Amaltheus Montf. (Figs. 1 150 ; 1160, A 5 1 27 5) ; 
Paltopleuroceras Buckm. ( Pleuroceras Hyatt). Middle Lias. 
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In another group of tlie Amaltheinae, the young usually have gibbous volutions with 
a single row of nodes, which either persist, or are followed by a bispmous stage, and 

inner ends of the short costae also become 
tubereulated. Venter smooth at first, and 
may remain so or may have a solid keel. 
Costae single, and usually bend at ventro- 
lateral angles toward the keel, but do not 
cross the venter except in late stage of 
Pseudotropites. Eaploplenroceras and 
Dorsetensia Buckm. ; Pseudotropites 
Canav. ; Oanavarites Hyatt. Type 0, 
(Arietites) discretum (Canav.). _ Lias to 
Inferior Oolite. 

The Amaltheinae are usually classed 
as derivatives from the Arietitinae, but 
this is doubtfuL Oxynoticeras Hyatt 
(Fig. 1276) from the 3 has, is classed by 
most writers with the Amaltheidae, 
Oxynoticpras Lower Lias. although Hyatt regarded it as a member 

of the Arietitinae. In this genus the 
shells are compressed and more involute than in the Arietidae, with narrower and 
more acute keeled venter, but no ventral channels. Sutures have extended and 
highly modified auxiliary inflections ; keel hollow in adult of some species. Lower Lias. 



Subfamily B. Hammatoceratinae Buekman. 


Discoidal forms with single or bifurcated costae, keeled and often channelled venters. 


Young similar to those of the Harpo- 
ceratinae in compressed forms. Keel 
hollow. 

Gycloceras and Eammatoceras Hyatt ; 
Lillia Bayle; Eaugia, Polyplectus, (Jhart- 
ronia , Dmckmannia Buckm. ; Zurcheria 
Douville, 

Upper Lias and Inferior Oolite. 

The Hammatoceratinae have usually 
been classed as near relatives of the 
Arietitinae but their systematic position 
should probably be in the Amaltheidae, 
with which they show near affinities in 
form and septation. 

Buekman placed two genera or sub- 
genera of this subfamily in a separate 
group “ Sonniniinae” Sonninia includes 
discoidal forms with a keeled but not 
channelled venter, and sides with coarse 
bifurcated costae diverging from a row 
of nodes along the median line of the 
rounded sides and continued internally 
by single costae. Witchellia has nodes 
only in the young, and costae become 


B 



Fid. 1277. 

Sonninia sowerbyi (Miller). Middle Dogger ; Lorraine 
(after Steinmann and Ddderlein). 


single or only Blightly confluent. Sonninia Bayle (Waagmia Bayle) (Fig. 1277) 
Witchellia Buekman, Inferior Oolite. 
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Family 24. Haploceratidae Zittel. 

Shell smooth , with fine growth lines , without constrictions. Venter rounded , without 
heel. Apertures with lateral cars or lappets. Septa deeply digitate. 

This family is supposed to he an off-shoot from the Harpoceratidae, and nearly 
related to Oppelia. 

Haploceras Zittel 
(Lissoceras Bayle) (Fig. 

1278). From Micldl e J ura 
to Lower Cretaceous. 

Family 25. Stephano- 
ceratidae Neumayr. 

Forms usually robust 
and inclined to be coronate , 
at least in youth. Surface 
with bifurcating ribs that 
extend across the rounded 
renter. Aperture with 
lateral ears or lappets , 
and usually constricted. 

Septa deeply digitate , with 
two lateral lobes and two 

or three auxiliaries. Keel Pia 127s> 

present in some genera. Ilaphu'emtt climntum (Oppel). Tithonian; Stramberg, Moravia. 

The Steplianocera- 

tidae were derived from the Aegoceratidae of the Lias, and in turn gave rise to 

most of the Ammonite families of the later Jurassic 
and Cretaceous, so much so that it might be well to 
include these and their descendants in a superfamily, 
or suborder Stephanoceratoidea. 

The group has been subdivided into numerous so- 
called families, most of which, in so far as they are 
deserving of recognition at all, are here treated as 
subfamilies, for the sake of uniformity in classifica- 
tion. It is not meant to imply by this that they 
all have equal taxonomic rank. 

Subfamily A. Daotylioceratinae Hyatt. 

Discoidal forms with costae bifurcated and always 
crossing the venter. Sutures with very complex 
outlines, but only three or four pairs of lateral lobes 
and saddles. Dorsal sutures have two pairs of saddles 
and one pair of zygous lobes. 

This series is usually termed the Planulati of the 
Lias, but although an offshoot of the same common stock, 
it is quite distinct from its supposed congeners of the 
Middle and Upper Jura. Sutures are straight, not in- 
clined apicad as in Perisphinetinae. The subfamily com- 
Pl(J 1271) prises a complete cycle of forms varying from the broad 

.... * ‘ ’ . /v . trapezoidal, tuberculated volutions of Coeloceras through 

Armatoid species to Dactylioceras, in which the costae 
idocemiMos Quenst. Middle Lias, are smooth and sometimes even single. 
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Goeloceras (Deroceras Hyatt) (Pig. 12*79), Dactylioceras (Fig. 1280) .and Pcronoccras 

Hyatt ; Pimelites and Diaphorites Fucini ; 
(?) Praesphcterocems Levi ; (?) Collina Buckm. 
Middle and Upper Lias. 


Subfamily B. Stephanoceratinae 
Steinmann. 

Primitive radicals, highly coronate, dis- 
coidal, giving rise apparently to involute and 
partially compressed forms that in Macro- 
cephalites and some others are without tubercles. 
Venter always rounded, costae bifurcating on 
the sides and continuous across the venter. 
Only one line of nodes or tubercles at the 
umbilical shoulders, and the division of costae 



Fl(i. 1260 . 

DactyliuccrtU) commune (Sowb.). Upper Lias ; 
England. 



takes place along these lines in most forms. Sutures of the same type as in Dacty- 



FlU. 1283. 

XucroupUUte mcurocephvlm (ScMoth.). Upper Dogger (Calloviao) ; Ihnmgen, Wiirtemberg. 
lioidmae, but much more complex, with usually more inflections, and lobes and saddles 
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more nearly equal. Dorsal sutures generally have three pairs of zygous saddles and 
two pairs of lobes in the coronate discoid al 
forms. 

gtqfhanoceras Neum. (Pig. 1285); Cado- 
mitcs Mun. -Chaims. ; gphaeroceras Bayle (Fig. 

1281); Emileia Buckman; Normannites 
Mun.-Chalmas (Fig. 1 282) ; Macrocqyhcilitcs 
Sutner (Fig. 1283); Sutn&ria Zittel (Fig. 1284). 

Inferior Oolite. 



Fl<i. 1284. 

Sntncrm platynota (Rein.). Upper 
Jura (TenmlobatuH Beds); Balmgen, 
Wurlemberg. 



Fig. 1285. 

Stcphanoerras coronntus (Brug.). Callovian ; 
Dept. Nievre, France. i/ 3 . 


Subfamily C. Cadocerathstae Hyatt. 

More specialised, compressed, and involute forms tend to evolve shells with 
crenulated keels, and sometimes channels also. Costae of Gadoceras divided as in 
Stephanoceratinae, but other genera usually develop two lines of tubercles. Young 
of Ncumayrict more or less costated, but sides and keel become smooth, and in some 
species resemble the adult of Quenstedtocems. 

This group is remarkable for the close parallelism of some of its genera with Amaltheidae, 
but tho young arc very distinct. Development and adul t stages of Cadoceras with its discoidal 
and much depressed volutions plainly show derivation from Coeloceran stock, while its form 
and Huturoa also show relationship with Stephanoceratinae. 

Gadoceras Fischer ; Qnenstedtoceras Hyatt ; Gardioceras Neumayr and Uhlig ; 
Nemiayria Nikitin. Kelloway. 


Subfamily D. Perisfhinctinae Steinmann. 1 

An extensive series of discoidal genera having rounded or subquadrangular 
volutions, and costae single on the sides, but split into two, three or more on the 
venter, which they cross uninterruptedly. Splitting does not begin as a rule at 
umbilical shoulders," but near the ventro-lateral angles. Inner parts of sutures steeply 
inclined apicad, and dorsal sutures have a long pair of first dorsal saddles, usually two 
additional pairs of saddles, and two pairs of lobes. All of these are so decidedly 
inclined apicad that they often appear as a single pair of complex saddles. 

These genera are morpliic equivalents of the Liassic Dactylioidinae and are derived from 
the same common stock. Young have depressed trapezoidal volutions and often minute 
tubercles on ventro-lateral angles, but are otherwise smooth, like the young of Gadoceras 
sublaeve . They become compressed in the neanic stage and rapidly assume the discoidal 
Perisphinctean form and costtte without tubercles. 

Perisphinctes Waagen ( Grossouvria , Procerites , Ghoffatia Siemirad.) (Figs. 1286- 

1 Siemimdzki, J., Monographisohe Beschrexbung der Gattung Perisphinctes. Palaeontogr. 1898, 
vol. xlv. See also R. DouvUU's recent studies of Cardioceras, etc., 1913. 





Fio 1287. Fiu. 1288. 

Pensphmdes polyplocus (Rein.). Upper Prnsplhinctps tizuml (( )ppel). U ppor «J u ra (BimammaLus Bo(1k) • 
Jura; Pappenheim, Bavaria. 1/2- Hundsnick, near Streiehon, Wurtembcrg. 


Subfamily E. Morphoceratinae Hyatt. 

Globose and usually involute forms with open umbilici showing tlm young to be 
highly coronate until a late stage. Costae on umbilical zones single and widely 

separated, but divided into 
very broad bundles of fine, 
closely - set, ventro - lateral 
costae differing from those of 
all other groups except some 
Perisphinctinae. Only one 
line of tubercles or nodes, 
whicli usually occur at um- 
bilical shoulders. External 
and dorsal sutures resemble 
those of Perisphinctinae, but 
not so uniformly inclined 
apicad. In discoidal coronate 
shells the lobes and saddles 
are of equal length, and 
dorsum has two pairs of 
zygous lobes and two pairs of 
saddles. 

Morphoceras Douv. ; 
Garantiana Siemirad. ; Olco- 
stephanus N euni. (Holcoatephanus auct.) ; Polyptychites , Simbirshites, Asti&ria , and 
Virgatites PavL and LampL Upper Jura and Cretaceous. 



Fig. 1289. 

Iteineckia, bramoia (Steium.) Caracoles, Boliva (after Stemmann). 
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Subfamily F. Keineckiinae Hyatt. 

Discoidal shells with costae single on the lateral zones blit bifurcated on their 
outer parts, and 
with one or two 
lines of tubercles, 
the first being 
near the point of 
bifurcation of the 
costae, and the 
other near their 
ventral termini. 

Division of costae 
takes place along 
ventro - lateral 
angles and not on 
or near the um- 
bilical shoulders. 

Costae cross the 
venter only in 
the coronate 
young, when the 
section is trape- 
zoidal as in Goeloceras. Sutures as in the preceding subfamily. 

Jieineckia (Fig. 1289), Parkinsonia Bayle (Fig. 1290); Oecopty chius Neum. (Fig. 
1291); Aulacostephanns Sutner and Pomp; (?) Waagenia Neum.; Strenoceras Hyatt. 
Type fi. (Ammonites) niortense (d 5 Orb.). Middle and Upper Jura. 



Fid. 121)0. 

Ptiricinxonvi parltinsoni (Sowb ). Inferior Oolite ; 
Bayeux, Calvados. 


Fin. 1201. 

UccoptycJbius rcjntotns 
(<le Haan). Callovian ; 
Niort, France (after 
d’Orbigny). 


Family 26. Aspidoceratidae Zittel. 


Earlier volutions costate, later ones with one or two rows of tubercles. Venter broad , 
never keeled, tfepta resembling those of Dactylioidinae , but saddles and lobes broader , and 



dorsal sutures with only one large pair of inner or first dorsal lobes , the outer or second 
pair being incomplete in the more discoidal species as in the Arietidae. 

Aspidoceras Zittel (Fig. 1292); Peltoceras Waagen (Fig. 1294); (?) Aurigerus 



bakeriae (cTOrb.) [Terr. Jurass. PL 149, Fig. 1, non PL 148]. Physodoceras Hyatt 
(Fig. 1295). Type P. {Ammonites) circumspinosum (Oppel). Upper Jura. 


Family 27. Desmoceratidae Zittel. 

Discoidal moderately involute forms, with simple or divided ribs. Thm continue 
without interruption across the rounded heelless venter. Constrictions or varices at 
regular intervals. Septa finely digitate, with auxiliary lobes arranged in a straight row. 

The Desmoceratidae are slightly modified descendants of the Stephan oceratidae, 
and preserve in youth the characters of the ancestral family. 


Subfamily A. Desmoceratinae Zittel (pars). 

Mostly involute shells, smooth, or with constrictions and fold-like costae without 

tubercles that commonly follow the 
lines of growth across the rounded 
venter uninterruptedly. Spines 
sometimes present as in preceding 
family. Sutures have blunt 
siphonal saddles, never pointed. 
First lateral lobes shallower than 
in the Lytoceratidae. the first 

Suture-lme of Dpsmoceras latidorsatum Mich. Gault; lateral saddles broader, and less 
Perte du Rhone. deeply cut by marginals. Anti- 

siphonal lobe long, straight, and 
trifid. Lateral zygous inflections more numerous, and there are often three or more 
zygous dorsal saddles. 
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Eurynoticeras Canavari. Jura. 



Desmoceras Zittel (Figs. 1296, 1297) ; Pmosia 
Bayle ; Gleonoceras Par on i and 
Bon. ; Schlueteria, Hauericeras 
Grossouvre. Cretaceous. 


Subfamily B. Silesitinae 
Hyatt. 

Similar to tbe Desmoceratinae, 
but costae more strongly de- 
veloped, and sometimes spinous. 


Pig. 1291. 

Dcsmoccmn mnyonamm. (d’Orb ). Gault ; Forte du Rhone 
(after d’Orbigny). 




Fig. 129D. 

rn 10QC P< why discus wittckmh (Scliluter). 

jjio. j^ye. Upper Cretaceous ; Haldem, West- 

Paohydmus peranyfc (Mantell). Lower Chalk ; England. plialia. 1 / 3 . 

Silesites, Holcodiscus Uhlig ; Pachy discus Zittel (Figs. 1298, 1299); Parapachy - 
discus Hyatt. Type P. (Ammonites) gollevillensis (d’Orb.). Cretaceous. 


Family 28 . Cosmoceratidae Zittel. 

Shells richl/y ornamented with ribs that are divided , or broken up into rows of knots. 
Usually with rows of umbilical and marginal knots on the ribs . Sculpture interrupted 
by a furrow on the venter . Aperture often with lateral ears or lappets.^ Septa deeply 
digitate . One or two auxiliary lobes present. 
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The Cosmoceratidae are probably a polypliyletic group, derived from .several 
branches of the Stephanoceratidae. 


Subfamily A. Cosmoceratinae Hyatt. 

Discoidal and involute forms having at a comparatively early stage or throughout 

_ life two or three rows of large tubercles 

on each side, and costae interrupted on 
the venter by a smooth median zone or 
channel 

Cosmocercts Waagen (Fig. 1300). 
Middle Lias to Oxfordian. 


Subfamily B. Hoplitinae Hyatt. 

Discoidal and involute forms with 
costae bifurcated on the sides at umbilical 





Cosmoceras ornatim (Sowb.). Callovian (Ornaten- 
tlion) ; Gammelshausen, Wurtemberg. 



Hoplitcs tiibarculcdus (Sowb.). 
Gaiut ; Folkestone, England. 
Siphuncle broken away. 


HopUtes noricus (Sowb.). (=IIopUtes cmblygonwis Neum.). Neocomian; 
Aclum, near Bdrsmn, PrufiHia. 


shoulders; prominent tubercles at their forks, and also at or near their ventral 
termini, these last being separated by a median zone or deep channel. Young of 
some species have costae continuous across the venter, and resemble those of Sonneratia. 
Parallelism with Cosmoceratinae very close. Sutures resemble those of Mammites, 
but more complex. Lateral saddles narrower and more deeply cut, and first lateral 
saddles often trifid in late stages. Dorsal series with two pairs of complex zygous 
lobes and saddles on either side of a long, narrow, complex, antisiphonal lobe. 

HopUtes Neum. (Figs. 1301, 1302); Cenomanites Haug ( Discoceras Kossmat) ; 
Sonneratia, Bayle ; Neocomites Uhlig. Cretaceous. 
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Subfamily C. Ac anthoce ratinae Hyatt. 

Robust and moderately evolute forms. Surface highly ornamented with ribs 
either simple or bifurcating. Rows of tubercles usually present on ribs, and often a 



Flu. 1303. 

Acanthoccras rJwtoiwycnse (Deir.). Cenomanian ; Rouen, France (after Quensteclt). 



Flu. 1304. 

Douvill ciceras mmillare (Schloth.). Gault; Maclierom4nil, Ardennes. 


median row, sometimes uniting in a keel. Septa deeply digitate, the fir§t lateral 
saddle being bifid. 

Acanthoceras Neumayr (Fig. 1303); Douvilleicems Gross. (Fig. 1304); Thur- 
mannia Hyatt ; Steueroceras Cossmann ( Odontoceras Steuer) ; Mammites Laube and 
Brudor ; Municriceras and Barroisiceras Gross. Cretaceous. 

Subfamily D. Crioceratinae Hyatt 

A heterogeneous group of degenerate forms, probably derived from several different 
normal groups. Forms highly ornamented with ribs and spines or knots. The 
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youthful whorls are coiled spirally in a plane ; at maturity the whorl straightens out 
temporarily, often bending back again in a hook-shaped body-chamber. 





Flo. 13015. 

A ncyloccras matJiaroniunim d ’Orb. Noooomian ; 
Caatellane, BasHOB Alpcn. A, Couch. //, Suture* 
lmo. 


Spiroceras Quenstedt (Fig. 1305), Lower Oolite, supposed to be derived from 
ParJcinsonia. Orioceras Leveill^ ; Ancyloceras d’Orb. (Fig. 1306). Cretaceous. 



Pig. 1307. 

Scaphites spmigcr Schliiter. Upper Creta 
ceous (Senoman) ; Ooesfeld, Westphalia. 


Subfamily E. Soaphitinaw Meek. 

Whorl close-coiled in youth, opening out at 



Fig. 1308. 

Scaphites acqualis Sowb. 
Cenomanian ; Rouen, 
France, i/i* 


maturity into a hook- 
shaped body - cli amber. 
Form robust, thick -sot, 
involute, , surface highly 
ornamental with ribs 
and knots. Septa finely 
digitate, usually with 
several auxiliary lobes. 

Scaphites Parkinson 
(Figs.1162, 1307, 1308); 
JDiscoscaphites Meek; 
Jaknites Hyatt. Creta- 
ceous. 
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Subfamily F. Placenticeratinae Hyatt. 

Compressed, involute, liigh-whorled forms, -with venters flat compressed or concave 
in youth, becoming somewhat rounded with age. Surface either tuberculate or 
smooth. Septa complex, with 
irregular outlines, and narrow 
saddles. 

This group appears to be little 
modified from the ancestral Cosmo- 
ceratinae, 1 and of all the so-called 
Pseudoceratites of the Cretaceous it 
is nearest to the typical form. 

Placenticeras Meek ; Diplacomo- 
ceras Hyatt ; Forbesiceras Kossmat. 

Cretaceous. 

Family 29. Engonoceratidae 
Hyatt. 

Shell compressed , patelliform , 
narrowly umbilicate >, high whorled. 

Venter flattened or rounded , or 130[) 

acute. Flmhs with broad low folds /K£teKls (Zlttel j.'' Upp6r Senonian ; Libyan 
which often end m marginal keels , Desert west of Oasis Dachsel. 

more seldom in knots or spines. 

Septa not deeply digitate , lobes usually only moderately serrated , saddles often rounded 
and entire. The external saddle is often divided into several secondary lobes. There 
are several auxiliary lobes in most genera. 

The Engonoceratidae were probably derived from the Placenticeratinae, and 

through them from the Cosmoceratinae. 

Engonoc&i'as FTeumayr ; Metmgonoceras 
Hyatt; J Koplitoides von Koenen; Indoceras 
Noetling (Fig. 1309); Sphenodiscus Meek. 
Cretaceous. 

Family 30. Pulehelliidae DouvillA 

Form involute and high whorled. Venter 
flattened or rounded or acute. Flanks smooth, 
or ornamented with ribs or knots. Septa not 
digitate , being mostly either ceratitic or gonia- 
titic in character. Lobes and saddles shallow , 
with broad saddles and narrow lobes . External 
saddle divided into several secondary lobes. 
Auxiliary lobes two to three in number. 

The Pulehelliidae were probably derived 
from the Hoplitinae. Pulchellia Donvilh ; 
Metoicoceras Hyatt ; Knemiceras J. Boehm ; 
Buchiceras Hyatt ; Roemeroceras Hyatt ; Tissotia 
DouvilhS (Fig. 1310). Cretaceous. 

1 Smith , J. P., The development and pliylogeny of Placenticeras. Proc. California Acad. 
Sci., 3rd ser., Geol., 1900, vol. i. No. 7. 



Fxo. 1810. 

Ti8sotiaf(wrndi Bayle. Cenomanian ; Mzabel- 
M’sai, Algiers (after Bayle). 
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In. this family 1 probably belong several genera commonly classed with O.njnoHrnras 
or Amaltheus, as follows : — Garni&ria Sayn. ; Lenticcras Gelir. ; Enlophocmts Hyatt. 
Cretaceous. 

Family 31. Prionotropidae ZitteL 

Form evolute, discoidal, laterally compressed. Flanks with strong, simple or 
dichotomous ribs tJiat form one or more rows of knots on the sides, and one on the 
ventral shoulders. Venter with strong median keel, either smooth or brokm up into a 




Fia. 1811. 

Scliiocribadiia %arhvn& (Sknvb.). Cenomanian ; 
Quedlmbuig, Saxony. 



Pm. 1312. 

SdhJmilmhUi irMatti (Dolur) 
Lower OrelaceoiiH. 



row of knots. Septa only moderately digitate. External and j'mt latmd saddle broad, 
lateral lobes bifid, only one auxiliary lobe present. 

This group is commonly supposed to have been derived from the Amaltheidae, 
but proofs of the connection are lacking. 

Schloenbachia Neumayr (FigB. 1311, 1312); Hystatocems Ilyatt; JUtrromceras 
Gross. ; Mortoniceras Meek ; Peroniceras Gross. ; Prionotropis Meek Cretaceous. 

Range and Distribution of the Ammonoidea. 

The Ammonoids are more than twice as rich in forms as the Nautiloids. While 
of the latter about 2500 species have been described, the number of Ammonoids has 
reached far beyond 5000 Bpecies. These are without exception extinct, and are 
especially characteristic of the Mesozoic era. 

_ Although Ammonites are unknown later than the Cretaceous period, nevertheless 
this group must be regarded on the whole as the younger branch of the stock of 
Tetrabranchiates. After the Nautiloids had passed their culmination, the Goniatites 
and Clymenias appeared as the oldest representatives of the Ammonoidn. The time 
range of the Clymenias is limited to a short epoch in the Upper Devonian ; the 
Goniatites appealed first in the Upper Silurian (Kellerwald), developed a great 
variety of forms in the Devonian, and continue until the close of the Paleozoic era. 

Until a few years ago it was believed that only Goniatites and Clymenias occurred 
in the Paleozoic deposits. The discovery of genuine Ammonites in the Permian of 
the Salt Kange of India, in the Ural Mountains, in Texas, in the Fusulina limestone 
of Sicily, etc., and later the discovery of primitive Ammonites in the Coal Measures 
of Texas and in the Lower Carboniferous of the Mississippi Valley, pushed their range 

1 DouvillS, if., Evolution et classification des Pnlchellid4s. Bull Soc. Gdol. France, 1911, vol. n. 
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considerably farther back into the Carboniferous Rystem. These Paleozoic Ammonoids 
stand m the development of their septa between the Goniatites and the more highly 
specialised Mesozoic Ammonites. 

With the beginning of the Mesozoic era, the true Ammonites developed with 
great rapidity. In the middle European Muschelkalk only the genera Geratites, 
Beneoh&ia , Hungarites, Balatonites , Amiotites, Acrochordiceras and Ptychites have as 
yet been discovered. On the other hand, in the Alps, Spitzbergen, the Himalayas, 
in western North America and in Siberia, there have been found great numbers of 
Ammonites in rich faunas of the Lower, Middle and Upper Triassic. The families 
of Tropitidae, Ceratitidae, Ptychitidae, Cladiscitidae and Pinacoceratidae belong 
exclusively to the Triassic; the Arcestidae begin in the Coal Measures, but reach 
their greatest development in the Triassic. 

In the development of their septa the Triassic Ammonites show an unexpected 
variety of form and complexity. Certain genera (Sageceras, Lecanites , Lobites) scarcely 
pass the goniatitic stage of development ; many others (. Meehoceras , eta) only reach the 
ceratitic stage. In the Arcestidae, Tropitidae, Cladiscitidae, Ptychitidae and Phyllo- 
ceratidae the lobes and saddles have become digitate. Indeed, in Pinacocems ib found 
the greatest complexity of development of the septa that has been observed among the 
Ammonites. Along with the typical forms the Upper Triassic of the Alps has fur- 
nished also a number of reversionary types or aberrant forms (i Gochloceras, Rhaibdoceras , 
Ghoristoceras), which are distinguished by reduction of the septa to great simplicity. 

With the Lias a fundamental change in the Ammonites occurred. Of the 
numerous Triassic genera and families, with the exception of the Phylloceratidae, all 
have come to an end and are replaced by new forms. The causes that made the 
Cephalopods so rare in the Khaetic are unknown. It may be that not all these 
groups were extinguished, but that they lived on in other, as yet unknown regions, 
and when we next see them in the Jurassic they have changed beyond recognition. 

In the Lower Lias the Aegoceratidae are almost the only forms; the genera 
Psiloceras, Arietites and Schloth&imia , are confined to this stage. In the Middle Lias, 
along with the Aegoceratidae, are represented the Harpoceratidae, the Amaltheidae 
(Oxynoticeras, Amaltheus), the Phylloceratidae (. Phylloceras ), the Lytoceratidae 
(. Lytoceras ), and the oldest members of the Stephanoceratidae ( Goeloceras , Dactylioceras). 
It is noteworthy that in the Liassic Ammonites the antisiphonal lobe is frequently 
bifid (as in the Aegoceratidae and Amaltheidae). 

With the exception of the Aegoceratidae all the families that appeared in the 
Lias lasted into the Middle and Upper Jurassic, although the Harpoceratidae are 
reduced in numbers, and perished in the Malm or Upper Jura. The only new 
families added in the Middle Jurassic are the Haploceratidae and the Cosmoceratidae. 
The most common genera in the Middle Jurassic are : Harpoceras , Oppelia , Stephanoceras, 
Sphaeroceras , Morphoceras, Macrocephahtes , OecoptycMus , ReineMa , Parkinsonia, 
Oosmoceras , Perisphinctes, ffaploceras , Phylloceras , Lytoceras. 

In the Malm are found nearly all those genera named under the Middle Jurassic, 
but the number of species has changed greatly. Thus Harpoceras, Stephanoceras, 
RdnecTda , Parhimonia and Cosmoceras, are reduced, while Oppelia , Haploceras , 
Olcost&phanus , and especially Perisphinctes have increased greatly. Perisphinctes is 
decided’ r the dominant genus in the Upper Jurassic, and along with it Aspidoceras, 
Swnocems and Peltoceras show a large number of species. Aberrant forms are rare 
in the Jurassic, and are confined to a few species of Spiro certM and Baculina. 

A change like that seen at the beginning of the Jurassic takes place also at the 
end of this period. The Ammonites of the Cretaceous belong largely to new genera. 
Indeed a remarkable metamorphosis occurs in the entire habitus of the Cephalopod 
fauna. Only the oldest Neooomian beds of the Alps contain a few species that had 
lived in the Tithonian epoch, and show the continuity of the two systems. The least 
degree of change is shown by the Phylloceratidae and the Lytoceratidae. In place of 
VOL. I 2 X 
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Table showing Geological Range of Ammonoidea'' 


Families. 


i 

1 




1, Clymeniidae 
JSxtrasiphonata, 

1. Bactritidae 

2. Kautilinidae 

3. Apbyllitidae 

4. Tornoceratidae . 

5. Cheiloceratidae . 

6. Gepliyroceratidae 

A. Primordialinae . 

B. Beloceratinae . 

7. Prolecanitidae 

A. Prolecanitinae . 

B. Noritinae . 

O. Medlicottiinae . 

8. Pinacooeratidae 

A. Hedenstroemiinae 

B. Sageceratinae 
G. Carnitinae 

D. Pinacoceratiuae 

9. Glyphioceratidae 

10. Thalassoceratidae 

11. Ptychitidae 

12. Tropitidae 

A. Tropitinae 

B. Haloritinae 

C. Sibiritinae 

D. Celtitinae 

13. Arcestidae 

A. Popanoceratinao 

B. Cyclolobinae 
0. Arcestinae 

14. Cladiscitidae 

15. Meekoeeratidae 

A. Lecanitinae 

B. Meekoceratinae 

16. Gymnitidae 

17. Hungaritidae . 

18. Ceratitidae 

A, Ceratitinae 

B. Tirolitinae 
G. Binaritinae 

D. Buchitinae 

E. Arpaditinae 

F. Trachyceratinae 

G. Ghoristoceratinae 

H. Cochloceratinae 
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19 . 


20 . 


21 . 


22 


23 . 


24 . 

25 . 


26 . 

27 . 


28 . 


29 . 

30 . 

31 . 




Families. 


I 


Phylloceratidae 

A. Monophyllitinae . 

B. Phylloceratinae . 
Lytoceratidae 

A. Lytoceratinae 

B. Macroscaphitinae 
0. Turrilitinae 

Aegoceratidae 

A. Psiloceratinae 

B. Arietitinae . 

O. Aegoceratinae 

D. Polymorphinae . 
Harpoceratidae 

A. Harpoceratinae . 

B. Oppeliinae . 
Amaltheidae 

A. Amaltheinae 

B. Hammatoceratinae 
Haploceratidae . 
Stephanoceratidae 

A. Dactylioceratinae 

B. Stephanoceratinae 

C. Cadoceratinae 

D. Penspliinctinae . 

E. Morpkoceratinae . 

F. Reineckiinae 
Aspidoceratidae . 
Desmoceratidae 

A. Desmoceratinae . 

B. Silesitinae . 
Cosmoceratidae 

A. Cosmoceratinae . 

B. Hoplitinae . 

C. Acanthoceratinae 

D. Crioceratinae 

E. Scapliitinao 

P. Placenticeratinao 
Engouoceratidae 
Pulcholliidae 
Priouotropidao . 



tlie Harpoceratidae we find the Desmoceratidae, of which the genera Besmoceras and 
Silesites especially characterize the Neocomian and Gault, and P achy discus the higher 
stages of the Cretaceous. Of the Stephanoceratidae the genera Perisphinctes and 
Olcostephanus , which had survived from the Jurassic, are extinguished in the Lower 
Cretaceous. In the place of the Jurassic Cosmoceratidae appear Hoplites , Douvilleiceras 
and Acanthoceras. A peculiar retrograde development of the septa, a reversion to the 
ceratitic stage, is seen in two families of Cretaceous Ammonites, the southern 
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Pulchelliidae and Engonoceratidae, which were probably connected with the younger 
Cosmoceratidae (. Hoplites ). The Cretaceous Amnionitic fauna derives a special 
character from the great development of aberrant forms, which are most abundant in 
the Neocomian, but in part last into the higher stages of the Cretaceous. The genera 
MacroscapMtes , Pictetia , Hamites , Anisoceras , Turrilites , Baculites , Grioceras and 
Scaphites are confined exclusively to the Cretaceous. 

The sudden extinction of the Ammonites at the end of the Cretaceous is one of 


Diagram: showing the Eelationships of Paleozoic and 
Early Mesozoic Ammonoids 



the most remarkable phenomena in the history of the organic world, and one as yet 
without. explanation. Great changes in conditions of life must have taken place at 
the border between Cretaceous and Tertiary to have brought about the extinction of 
this flourishing and highly organised group of animals not only in Europe, but also 
in all other parts of the world. 

The system of nomenclature now commonly in vogue has placed obstacles in the 
way of a clear view of the general characters of the whole group of Ammonoids. 
And this is especially unfortunate because in more recent years the genera and 
families named have been difficult to distinguish, and in many cases have received 
very vague definitions. At present the prevailing tendency is to subdivide rather 
than to unite, and some authors are in a fair way to change every time-honoured 
species into a special genus or family. 

Few divisions of the animal kingdom have left such a perfect record of their 
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development, and such a great mass of evidence in favour of the theory of evolution 
as have the Ammonites. Indeed, in this group, on account of the uncommon thinness 
of the shell, internal moulds are of as much importance from the standpoint of precise 
identification as those specimens which have the shell perfectly preserved. 

The first* attempt to study a large number of species of Ammonites in their 
genetic relationships was made by Waagen in the series of Ophelia supradiata. 
Similar attempts were made by Neumayr in the Phylloceratidae, Perisphinctinae, etc. ; 
by Hyatt in the Arietitinae ; and with especial minuteness by Leopold Wurtenberger 
in the Jurassic groups Aspidocwas , Simoceras , TVaagenia , Peltoceras , Perisphinctes and 
Stepkanoceras. Also Mojsisovics, TJhlig, Haug, Douvill6, Freeh, Diener, Pompeckj and 
others have paid special attention to the genetic relationships of the various groups of 
Ammonites. All these authors come to the conclusion that in the Ammonites there 
are numerous genetic series of which the development may be followed step by step in 
the species that occur in the various successive strata. 

In the last few years great progress has been made in the study of the Ammonite 
faunas, especially of the later Paleozoic and Triassic horizons ; also in the most various 
divisions of the many branched family tree of the Ammonites, much light has been 
thrown upon the genetic relationships of numerous genera and families. But in 
spite of this it is not yet possible to give a graphic representation of the development 
and kinship of the Ammonoidea that is true of the whole group, and beyond suspicion 
in any of its parts. However, in the above diagram a tentative effort is made in this 
direction, and in this scheme the probable relationships of the Paleozoic to the 
earlier Mesozoic genera are indicated in the light of 
the present status of our knowledge. 

[The foregoing chapter on Ammonoidea has been revised 
for the present work by Professor James Perrin Smith, of 
Lcland Stanford Junior University, California. — Editor.] 


Subclass 2. DIBRAN GHI AT A Owen. 

Cephalopods with only two arborescent gills in the 
mantle-cavity : provided round the mouth with eight 
or ten arms bearing suckers or hooks , two of them 
(when ten in all are present) being often developed 
into long tentacles . Funnel dosed; ink-sac usually 
present Shell internal, or if external, it is not 
chambered ; in many forms entirely wanting. 

The body of the Dibranchiates or Cuttle-fishes 
is elongated, cylindrical or sac-shaped, and fre- 
quently provided with two lateral fin-like append- 
ages. The anterior cephalic region gives off a 
circlet of eight or ten powerful, muscular arms, 
the inner sides of which are armed with suckers 
(acetabula), or a double row of .hooks, and assist 
in swimming or creeping, and also serve for the ^ 1818 . 

capture of 'prey. The Sepioidea have two of Enopioteutmsieptura. Recent; 
their ten arms developed into very long tentacles IfintorSolheiior’-p^^ 81 “ peet ' 
which bear hooks or suckers only at their 

thickened extremities (Fig. 1313). The lower surface of the suckers is disk- 
or cup-shaped, perforated in the middle, and occupied by numerous radially 
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arranged muscle fibres ; they are also occasionally furnished with horny hooks 
or sharp claws. Each sucker is able to create a partial vacuum by pressing 
the cartilaginous rim against some object and then contracting the inner 
folds, and hence can be used like a cupping-glass. 

The jaws resemble those of Nautiloids in form, but are never calcified ; 
and owing to their perishable nature, usually horny, they are not preserved in 
the fossil state. The cartilage of the head forms a complete ring enclosing 
the central portion of the nervous system. The eyes are of large size, 
protected by a capsule, and recall those of vertebrates in structure. 

The body is constricted at the mantle opening, which occurs just behind 
the head, and at this point on the ventral surface is placed the respiratory 
orifice, bounded by a projecting fold of the mantle. Here also terminates 
the cylindrical or conical funnel, on either side of which lie the dendriform 
gills ; in this region also are placed the anal and genital openings. 

The abdomen is sac-shaped, and contains besides the viscera and circu- 
latory systems a rather large pyriform vessel called the ink-bag. Its reservoir 
is filled with an extremely opaque brownish-black fluid, which can bo voided 
at will through an excurrent canal terminating near the anus. Menaced or 
alarmed, the creature discharges a dense cloud of ink, which serves to 
conceal its retreat. One often finds within the body of fossil Dibranchiates 
not only a cast or mould representing the ink-bag, but often a dark-coloured 
residuum of the carbonaceous particles suspended in the ink. 

The abdomen is completely covered by the mantle, which is a thick and 
frequently brilliantly coloured muscular envelope. Traces of it are occasion- 
ally found among fossil forms, owing to a slight secretion of calcareous matter 
within it. 

Most Dibranchiates secrete an internal shell within the mantle. Only 
among the Octopoda is a shell absent entirely, or replaced in the female by a 
thin, simple, unchambered spiral • but this last is in nowise homologous with 
the usual Dibranchiate shell. Spirula has a spiral, camerated shell, the septa 
of which are traversed by a siphuncle, and the coils are not in contact. It 
is situated in the hinder portion of the body and is partially enveloped by the 
mantle. Among extinct Belemnites the internal shell consists of three parts : 
a chambered cone (phragmacone ), which is prolonged forwards on the dorsal 
side into a delicate corneo - calcareous proostracum , and is inserted at the 
posterior end into a finger-like calcareous piece called the guard (sheath or 
rostrum) (Fig. 1314, 0). 

Some living Cuttle-fishes have a horny, elongated-oval, feather-shaped 
proostracum or “pen” (Fig. 1332), which is situated dorsally in a closed sac 
of the mantle. It is sometimes extremely thin, and composed of conchyolin 
or lime carbonate. The sepion, gladius, or “ cuttle-bone,” as the shell is called 
when calcified in some genera, exhibits at its posterior end a small point (the 
mucro) corresponding to the guard in Belemnites, and extends in front as a 
broad shelly plate, like a proostracuih. This forward extension, when viewed 
from the front side, is seen to he covered by a mass of thin shelly lamellae, 
which correspond to the septa more distinctly observed in Belosepia. 

Many living Dibranchiates are gregarious, and swim in the open sea in 
hordes ; others creep on the bottom or lead a separate existence along rocky 
shores: They are extraordinarily active, voracious animals, and prey upon 
mollusks, crustaceans and fishes. A few species are esteemed as food by man. 
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In size Dibranchiates are extremely variable ; some forms are only 2 or 3 cm. 
long, others attain gigantic dimensions. Architeuthis , for example, reaches 
a total length of 12 metres, the body being 2*5 long, and over 2 metres in 
circumference. Its arms are thick as a man’s leg, and the suckers sometimes 
as large as ordinary coffee-cups. 

Dibranchiate Cephalopoda are divided into three orders, as follows : — 
Belemnoidea , Sepioidea and Odopoda. 

Order 1. BELEMNOIDEA. ( Phragmophora Fischer.) 1 

Shell internal , chambered , and the septa traversed by a siphuncle ; conical or more 
rarely spiral , and (with the exception of Spirula) terminating posteriorly in a calcareous 
sheath or guard. Arms ten in number , provided with hooldets. Trias to Becent. 

Save for the genus Spirula , all forms belonging to this suborder are extinct Their 
camerate shells, perforated by a siphuncle, betoken a kinship with Tetrabranchiates, but 
there are decided differences both in the structure and function of the shell Tetra- 
branchiates have the shell always external, enclosing the body, but in Dibranchiates it 
is more or less enveloped by soft parts. Genetic connection between the Belemnoidea 
and Sepioidea is apparent, and although their shells differ in form and structure, yet 
a rudimentary phragmacone persists in the latter at the posterior end of the skeleton. 
This rudiment is much more perfectly developed in Belosepia of the Tertiary, which is 
a connecting link between Belemnoidea and Sepioidea. It is possible to explain the 
entire internal shell of Spirula as homologous with the phragmacone of Belemnites. 
It begins as a globular or inflated protoconch, which is constricted off from the first 
camera, and is devoid of a cicatrix. The siphuncle originates as a caecal tube, and is 
continued apicad as a prosiphon, the same as in Ammonoids. 

Family 1. Belemnitidae de Blainville. 

Shell composed of a conical camerate phragmocone , continued on the dorsal side as a 
proostracum, and an elongated solid rostrum or guard. Arms ten in number , of equal 
length , provided with booklets. Ink-bag present. Trias to Eocene. 

This family, owing to its great morphological diversity and geological importance, occupies 
a foremost position among Belemnoidea. The shell may be considered as the prototype of that 
in all Dibranchiates, since it has all the component parts fully developed, whereas in other 
groups some of these become atrophied or wanting. 

The shell of Belemnites (Fig. 1314) consists of three fundamental portions : (1) A solid 
calcareous piece, usually much elongated, and of subcylindrical, conoidal or fusiform shape. 
This is called the guard {rostrum, osselet, gains, Scheide ), and is excavated at its anterior 

1 In addition to the literature cited under the head of Cephalopoda (v. antea) see the following : 
Angermann , E., tlber das Genus Acanthoteu&his Munster, etc. Neues Jahrb. Miner., 1902, 
supplem. , voL xv. — Blainville , H. D. de , Memoire sur les Belemnites. Paris, 1827. — Crick, G. C., 
On Acanthoteuthis and Coccoteuthis. Geol. Mag., 1896-97, dec. 4, vols ni., iv. — Idem, Notes on 
Actinocamax. Ibid., 1904, 1907, vols. i., iv. — Idenn, On the Proostracum of a Belemnite from the 
Upper Lias of Alderton. Proc. Malacol. Soc., London, 1896, vol. ii. pt. 3. — Idem, On the Arms of 
the Belemnite. Ibid., 1907, vol. vii., no. 5. — Idem , Buccal Membrane of Acanthoteuthis. Ibid., 
1898, vol. iff. pt. 1. — Idem , On Belevmocamax boweri from the Lower Chalk. Proc. Geol. Assoc., 
London, 1910, vol. xxi. — Danford , G. G., Notes on the Belemnites of the Speeton Clays. Trans. 
Hull Geol. Soc., 1906, vol. v. — Grossouvre , A. de, Quelques observations sur les B^lemnitelles, etc. 
Bull. Soc. Gtfol. France, 1899, ser. 3, vol. xxvii. — Huxley T. if., On the Structure of Belemnitidae, 
etc. Mem. Geol. Surv. United Kingdom, 1864, Monogr. ii. — Phillips , J., Monograph of British 
Belemnitidae. Palaeontogr. Soc., 1865-70. — Suess,E., Ueber die Cephalopoden-Sippe Acanthoteuthis. 
Sitzber. Akad. Wiss. Wien, 1865, vol. Ii. — Voltz , P. L , Observations sur les Belemnites. Paris, 
1827. — Idem, Observations sur les Belopeltis ou lames dorsales des Belemnites. M6m. Soc. d’Hist. 
Nat. Strasbourg, 1840, vol. iii. — Apptlbf, A Die Schalen von Sepia, Spirula und Nautilus. 
Kongl. Sveuska Vetensk. Hand!., 1893, vol. xxv. 
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broad extremity into a conical cavity or alveolus. Within the alveolus is placed (2) the 
phragmaconc . This consists of a conical series of chambers (loculi), the septa of which arc 
pierced at the ventral margin for the passage of the siplmnclo. The phragmaoone begins with 
a globular protoconch, and its last or anterior chamber is of comparatively large size. It is 
invested with a thin proper wall (conotheca), which is prolonged forwards on the dorsal side 
into a more or less calcified plate called (3) the proostracum. This last corresponds to the 
“ pen” of living cuttle-fishes. There is evidence that its anterior margin is convex, but it is 
so extremely thin that it is never perfectly preserved, and like the phragmaconc, is wanting 
in by far the greater number of specimens. 

Notwithstanding the fragmentary condition in which the proostracum invariably occurs, 
it is possible to reconstruct its outlines from the peculiar conothecal striae, or markings of the 
membranous substance with which it is invested. The conothcca is made up of three very 
thin superimposed laminae, the outermost of which usually shows the markings alluded to 
most distinctly (Fig. 1314, C ). The conical surface of the phragmaconc and proostracum is 
divided by Voltz into four principal regions radiating from the apex : A dorsal area, including 
all the space between two straight lines called the asymptotes , which extends from the apex of 
the cone as far as the aperture. This area occupies about one-fourth of the circumference, and 
is marked with loop lines of growth convex toward the front. On either side of the dorsal 
area and separated from it by the asymptotes is a lateral or 
A hyperbolic area , each one occupying about one-eighth of the 

circumference, and covered with very obliquely arched lines 
in a hyperbolic form. The ventral area is covered with numer- 
ous transverse striae, of which there are many on each alveolar 
chamber, and they are closer together the nearer they are to 


chamber, and they are closer together tne nearer they are to 
the apex of the pliragmacone. The striae of the dorsal area 
are less numerous than those of the rest of the shell, and 
usually are less pronounced, being sometimes imperceptible. 

“The guard of Belcmnitcs consists of prismatic calcareous 
fibres, which are directed perpendicularly to the surface, and 
radiate in all directions from an axial line, which is not 
strictly central, hut is somewhat nearer the ventral than the 
dorsal side. The growth of the guard is effected by tlio 
deposition of successive conical layers or sheaths, which are 
secreted over the entire surface, but are thickest behind, and 
become gradually attenuated in front. The surface of the 
guard is smooth ; or may bo wholly or. partially granulated 
or wrinkled ; or, again, may be marked with branched vascular 
impressions, which are especially conspicuous on the ventral 
side. In many cases a well-marked groove — the ventral furrow 
— runs from the edge of the alveolus backwards on the ventral 
side, extending for a short distance only, or reaching to the 
point of the guard (Fig. 1318, 0). The apical portion of the 
guard often shows two symmetrical grooves (the dorso-lateral 
grooves) which diverge slightly and become shallower as they 
extend forwards, and which mark the dorsal side of the shell. ” 
(Nicholson). 

As shown by vascular impressions on the rostrum, the shell 
of Belemnoids was completely enveloped by the mantle. Well 
preserved impressions of the animal in the English Lias (Figs. 
1315, B ; 1327) exhibit an elongated form of body, contracted 
anteriorly, with a small head surrounded by ton equal arms. 
An ink-sac is present, and the arms are provided with hooks. 
The maximum size attained by Belemnoids is between 2 and 
2*5 metres. 


Aulacoceras Hauer (Didyoconites Mojs.) (Fig. 1314). 
Guard elongated, clavate, contracted anteriorly, thickened 
Fig. 1314. i n the posterior third, and pointed at the tip ; composed 

upper Trias ; r K^iieisteinf ^ear of concentric, loosely superimposed lamellae. Each side 
phragma^n? 1 ^ A b Guaitf a i/ d mar ^ e( ^ by a deep broad lateral groove reaching from 
g , Portion of phragmacone sliced the tip as far as the anterior alveolar margin. Phragma- 
•fanneiT siplmncle 811(1 siphonal cone at least twice as long as the rostrum, slowly increas- 
ing in width anteriorly, ornamented externally with 
raised longitudinal lines, which are crossed on the dorsal side by a transverse series, 


SUBCLASS II 


DIBRAN CHI ATA 


C81 


convex toward the front ; closely resembling Orthoceras, Septa rather distantly 
spaced ; siplmncle marginal, thin ; proostracum unknown. Guards of this genus 
are -rare, but detached phragmacones are not uncommon. Upper Alpine Trias. 

Atractites Gumbel. Like Aulacoceras , but guard large, smooth and without lateral 
furrows. Phragmacone either smooth, or with fine asymptotic lines, and dorsal area 
A jb c marked with extremely fine 


Ph 



Fio. 1310. 


growth -lines, convex toward 
the front. Guards and phrag- 
macones almost always occur 
detached. The latter were 
originally mistaken for Ortho- 
ceratites, but are distinguished 
by their marginal siphuncle 
and characteristic eonothecal 
striae. Upper Trias and Lias 
of the Alps ; also Trias of 
California. 



A , Vertical section of a Belemnite, the proostracum broken away F 1S16 

above the phragmacone. B , Belemmtcs brugierianm Miller. Lower J - OAO - 

Lias; Charmouth, England. Impression of complete individual. V3 Belemnites compressus. Lias; 

(after Huxley). 0, Restoration of a Belemmte shell. Gundershofen, Alsace. 

Abbreviations: R, Rostrum or “guard"; Ph, Phragmacone; Po, Phragmacone with well-pre- 

Proostracum ; a, Apical line reaching from apex of guard to bottom of served conotheca, a, Asymp- 

alvoolus (o) ; b, Impression of arms ; c, Camerae of phragmacone ; i, An- totic line ; h , Hyperbolic 

tenor end of proostracum ; o, Protoconch ; si , Sipliuncle ; w, Ink-bag. area ; v, Ventral area. 


Xvpkoteuthis Huxley. Middle Lias ; England. X. elongata Huxley. 

Bdemnites Lister (Figs. 1315-1319). Name first applied by Agricola in 1546. 
Guard dactyliform, subcylindrical or conoidal, sometimes short and thick, sometimes 
slender and much elongated ; retral portion tapering, submucronate or obtusely 
rounded. Owing to irregularity in secretion of calcite layers on the periphery of the 
guard during growth, individuals belonging to the same species hut of different ages 
frequently differ considerably in form. Such differences are well illustrated in B. 
acuarius Schloth. The young are sometimes fusiform, but grow cylindrical or 
conical with age. About 350 species are known, ranging from the Lower Lias to 
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the uppermost Cretaceous ; maximum from the Middle Lias to Lower Cretaceous. 
Distribution world- wide ; most abundant in Europe, Asia and North America. As 
A £ c an index fossil of the Jura 



Fig. 1317. 


Brfcmnites ( DuvaZia ) 
dilatatua Blv. Neo- 
comian; Justithal, 
Lake of Thun, Switzer- 
land. 


a c b 



Fig. 1818 . 


A , B. (Paahytnithui) acutus Miller. Lower 
Lias ; Lyme Regis, Dorsetshire. Ji, B. CMeya- 
truthis ) paxillosv# Schloth. Middle Lias ; Metzin* 
gen, Wurtemberg 0 , Ji. (Pmulobclus) bipartituK 
Blv. Lower Cretaceous ; Castellane, Basses 
Alpes. a, b, c, Dorsal and ventral aspects and 
cross-section, tyi* D, B. (Balmiwpm) canalicit,- 
lotfus Schloth. Inferior Oolite ; Wurtemberg. 
E, B. UiRlemntysin) hatfatus Blv. Oxfordian ; 
Dives, Calvados. 


and Cretaceous, this genus 
is scarcely less important 
than the Ammonites. 

Subgenora : Pachytcuthis 
Bayle (Fig. 1318, A).' Guard 
perfectly smooth. Confined 
to the Lower Lias. Ji. acutus 
Mill. 

Megatmthis Bayle ( Dae - 
iylotmihJs Bayle, Paxillosi) 
(Fig. 1318, Ji). Apex of 
the guard with two or three 


A Ji 



Fm. 18111 . 


lU'h'wnllcs ( Actlnmmm ) quad- 
rains (Blv.). Upper Creta- 
ceous ; (lonnany. A, Dorsal 
view of guard with deformed 
pliragmacone projecting from 
alveolus. Ji, Ventral aspect of 
guard. C , AlveoluH from above 
(after Sclilutor). 


usually short grooves. Middle Lias to Lower Cretaceous. B. paxillows and 2i. ylijantens 
Schloth. ; B. elongatus Mill. ; B. subquadratus Roem., etc. 

Belemnopsis Bayle {Hibolithes Montf., OastrocoeH , Canaliculaii, Uastati) (Fig. 1318, I), B). 
Guard with deep and usually long ventral furrow extending from alveolar margin toward the 
apex, with or without dorso-lateral lines. Middle Jura to Middle Cretaceous. Ji. canaliculatus 
Schloth. ; B . absolutus Fisch. ; B. imicanaliculatus Zeit. ; B. miTvirrms Lister. 

pseudobelus Montf. {Bipartite) (Fig. 1318, 0). Guard thin, slender, with deep dorso- 
lateral grooves, with or without ventral furrows. Upper Lias to Lower Cretaceous. B. cxilis 
d’Orb. ; B. bipartitus Blainv. 

_ Actinocamax Miller ( Gonioteuthis Bayle) (Fig. 1819). Guard cylindrical, submucronate, 
with short but very deep ventral furrow ; anterior end foliacoous, and very liable to dissolu- 
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tion. Phragmacone only very slightly inserted in the guard, the two portions usually 
separated by an interval. Middle and Upper Cretaceous. B. subventricosus AVahlb. ; B. 
quadratics Blainv. 


Belemntclla d’Orb. (Fig. 

1320) . Guard cylindrical, with 
short, deep ventral furrow fall- 
ing short of the alveolar margin. 
Phragmacone inserted in guard. 
Vascular impressions often 
beautifully preserved. Upper 
Cretaceous. 

Viploconus Zitt (Fig. 

1321) . Guard short, obtusely 
conical, and having a con- 
centric lamellar structure, not 
radial and fibrous. Phragma- 
cone reaching nearly to the 
posterior end of the guard. 
Tithonian. 

Bayanoteuthis Mun.- 
Chalm. Guard long, cylind- 
rical, mucronate, with shallow 
lateral grooves. Dorsal area 
roughened. Phragmacone very 
slender and long, oval in 
section. Eocene ; Paris Basin 
and Ronca, Italy. B. rutjifer 


abc 




Fiu. 1321. 

Dijdoronus belein- 
uituidm Zittel. Ti- 
tlioman, Stramberg 



Schloenb. 


Fio. 1320. 


Fin. 1322. 


Vasseuria Mun. - Chaim. Jid^mnitcs ( BrJnnmteUa ) muerunatus 

Guard slender elongated- Sehloth. Upper Cretaceous ; Drenstein- 
' JrUaia Siencier, eiongaiea furthj W(jstp halia. A, r>, C 9 Ventral, dorsal 

conical, with a number of and lateral aspects. % 


Beloptera belem - 
n i to idea B1 v. Cal caire 
Grossier ; Paris Basin. 
Ventral aspect. 


longitudinal grooves extending 

from the apex. Phragmacone more than one-half as long as the guard. Septa 
oblique, their necks extending from one septum to the next. Very rare in the Eocene 
of Brittany. 

Belemnosis Milne Edw. Very rare in the English Eocene. Styracoteuthis Crick. 
Intermediate between Belemnitella and Bayanoteuthis. Eocene ; Arabia. 

Beloptera, Blainv. (Fig. 1322). Guard short and somewhat swollen at its forward 
end, which makes a slight angle with the phragmacone ; on either side it is expanded 
.into a conical projection. Eocene. 

Belopterina Mun.-Ohalm. Like Beloptera , but without the lateral wing-like 
expansions. Eocene. • 


Family 2. Belemnoteuthidae Zittel. 

Shell composed of a conical pliragmocone and proostracum , the guard being reduced 
to a thin calcareous or horny investment of the phragmacone. Ten arms of nearly equal 
length , each beset with a double row of hooks. Ink-sac present. Trias and Jura. 

Acanthoteuthis Wagner and Munst. ( Belemnites Quenst. p.p. ; Ostracoteuthis Zitt.) 
(Figs. 1323-1325). Phragmacone with numerous septa, and siphnncle having short 
siphonal funnels ; enveloped externally in a thin granular calcareous layer represent- 
ing the guard. Surface of proostracum divisible into a broad dorsal, and two narrow 
lateral areas which are longitudinally striated and taper toward the front. Dorsal 
area ornamented with fine parabolic and also straight longitudinal lines ; anterior 
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margin rounded. An impression of the animal found in the Lithographic Stone 


Fin. 1324. 

Acanthotmthis specion 
Munst. Lithographic 
Stone, Bichatadt. A, 
Impression of shell, the 
proostracum accident- 
ally bent sideways. 11, 


septa and siphona! 
funnels. 2 / 3 . 




Fui. 1323. 

Acmthotmtftfa ajwiiosa MUnst. Lithographic 
Stone ; BichstmU, Bavaria. Impression of arms 
and body. 1 / 2 * 

shows an ink -hag and ten powerful arms about the head, 
which are beset with two rows of opposite, horny, falciform 
hooklets. Upper Jura. 

Phragmoteuthis Mojs. (Fig. 1326). Proostracum twice 
as long as the conical phragmaconc, with dorsal area* 
hounded by asymptotic lines, and two shorter lateral areas ; 
anterior margin of all areas rounded. Phragmacone invested 
by a brownish homy layer representing the guard. Trias 
(Raibl Beds). 

Belemnoteuthis Pearce (Gonoteuthis d’Ork) (Figs. 1327- 
1328). Like Acanthoteuthis but with smaller and curved 
phragmacone, which is not produced into a long proostracum. 
Upper Callovian and Lower Cretaceous. 


Family 3. Spiralidae Zittcl. 

Flo. 1325. 

AcantJwteufliis spmosa Shell reduced to a chambmd phragmacone coiled into a flat 
stone^ Soienhofen. 1 * spiral, the coils not in contact; situated in posterior part of 
ostracum. 2/0. the body, and the greater portion contained within the mantle . In 
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addition to the eight arms , tivo long tentacles without hoohs are placed between the third 
and fourth pairs. Oligocene to Recent. 


A 




FlO. 1320. 



A, Phragmntauthis Hsinuata 
(Bronn). Trias ; Haiti, Car- 
mtlna. Ph, Phragmacono ; Po, 
Proostracum ; L, Lateral area 
of proostracum ; d, Ink-bag. 
j0, Hooklets of arms, Vi (after 
Suess). 


Bclcmnoteuthis antiqua 
Pearce. Oxford Olay; Chris- 
tian Malford, Wilts. A, Partly 
restored specimen, 1 / 2 * oc, 
Byes ; m, Mantle. Other 
letters as m Fig. 1320. B, 
Hooklet, (after Mantell). 


ABC 



Belnnnnteuthis sp. Oxford Clay ; (1am- 
melsliaiiben, Wurtemberg. .1, (\ Dorsal 
and ventral aspects, li , Septum and 
siplmncle. 


A I) 



Fin. 1329. 


Spirulirostra hellardu (Midi.) Mio- 
cene ; Superga, near Turin, Italy. A, 
Side view. B, Longitudinal section. Ii, 
Guard ; Ph, Pliragmacone. 1/1 (after 
Mumer-Chalmas). 


Spirulirostra d J Orb. (Fig. 1329). Shell composed of a 
short triangular pointed guard, which is excavated anteriorly 
for the reception of the chambered phragmacone. The latter 
begins as a spiral, but speedily becomes straight, and has 
septa pierced on the concave ventral side by the marginal 
siphuncle. Only one species. Oligocene of Westphalia and 
Upper Miocene of Turin. 

Spirulirostrina Oanavari. Like the preceding, but guard 
reduced to two small, lateral wing-like appendages. Neocene 
of Sardinia. 

Spirula Lam. (Fig. 1330). Shell thin, guard wanting. 
Chambered phragmacone enrolled with the ventral side 
concave, the coils not in contact, composed of nacreous sub- 
stance ; septa concave ; protoconch globular. Siphuncle 
ventral and marginal in position, the septal necks directed 
backwards between the septa. Prosiphon present. Recent ; 



Fig. 1830. 

Spirilla p&ronii Lam. 
Recent ; Pacific. Longi- 
tudinal section, l/i- a, Pro- 
toconch ; r, Caecal com- 
mencement of siphuncle ; 
p t Prosiphon ; s, Siphuncle 
(after Munier-Chalmas). 
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inhabits tropical seas. For description of the animal see Report oil Spirilla, hy 
Huxley and Pelseneer, in Appendix to Challenger Reports , Zoology, part Ixxxiii. 
1895. 

Order 2. SEPIOIDEA. (Squids and Cuttle-fishes). 

Shell internal , without differentiated phragmacone and guard , hut consisting csscnti 
ally of the proostracum or “ pen,” which is either oval or narrow and elongated . Arm, 
ten in number, provided with suckers or hooks. Ink-hag present. 


Family 1. Sepiophoridae Fischer. 


Shell or Ci sepion ” a calcareous, elongated-oval plate, terminating posteriorly in < 
thickened mucro which represents a rudimentary guard, and encloses a conical cavity 
Siphuncle wanting. 

The thickened posterior mucro is a rudimentary structure probably correspond^ 

to the guard of Belemnoids, am 
its conical cavity to the alveoluf 
Belosepia retains a vestigial cliano 
bering but no siplmncle, and i: 
Sepia a recognisable' 1 phragmacon 
is wholly wanting. These form 
are undoubtedly descended froi 
Belemnoids like Bdoptem. 

Belosepia Voltz (Fig. 1331 
As a rule only the posterior portio 
of the proostracum is preserve 
Tin’s ends in a bent spine, whie 
is thickened anteriorly, lateral 1 
expanded, and contains near th 
apex a conical alveolus. Th 
latter shows on the dorsal aid 
incomplete trac.es of septa, and 
wide funnel - like depressio 
occupies the place of a siphuncl 
Eocene; not uncommon in Par 
Basin and the London Clay. Rai 
in Claibornian sands of Alabama 
Sepia Lam. (Fig. 1332). She 
V Fig . 1382 . or “P cn ” of Cf l llal longih wit 

Fix- 1331. ,sv ; ,(a Lmn. Recent, the mantle, elongated - ova 





Belosepia blainviUei Desli. 

Eocene ; Auvers, near Paris caraous sneiiy places represent- , • i . ' ■ 

a, Posterior end of shell, mg vestigial septation. b, Posi- posteriorly ana terminating m 
ventral aspect. B, Same from tion of rudimentary phragma- gl^ort mucro. TllC latter COntail 
the side (after Deshayes). cone in front of mucro, 2/3 • 1 i 1 i 

a comcal alveolus. Dorsal an 


Ventral view of shell, a, Cal- rounded anteriorly, thickene 
careous shelly plates represent- , . j , . , . 

mg vestigial septation. \ Posi- posteriorly and terminating m 


ventral walls of the pen consisting of two brittle calcareous laminae, separated by 
horny layer. Internally with a mass of extremely fine parallel calcareous lamella 
increasing in thickness anteriorly; the lamellae separated from one another It 
minute vertical rods, thus producing a spongy texture. The familiar cuttle-bone 
commerce, or ossa Sepiae, is the pen of Sepia officinalis Linn., and is found in gre 
quantities along the coasts of certain countries. Several Tertiary species known. 

(?) Gampylosepia Picard. Muschelkalk ; Thuringia. Belosepiella De Alessand’ 
Eocene ; Paris Basin. 
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Family 2. Chondrophoridae Fischer. 

Internal shell in the form of a much elongated thin plate or proostracum , divided 
lengthwise into three areas , composed of conchiolin or of alternating layers of calcareous 
and horny matter , thickened posteriorly , and with very little trace of any chambered 
portion or phragmacone. Jura to Recent. 

The members of this family show a further reduction of the guard and phragmacone 
than occurs in the stage represented by Belemnotenthis , and their homy, non-septate 



-Fig. 1333. 


CaccoteutJiis hastiformis (Rupp.). 
Lithographic Stone ; Bichstadt, 
Bavaria. 



Fig. 1334. 

Geotcnthis bollensU Zieten. 
Upper Lias; Holzmaden, Wurtem- 
berg. Shows ink-bag and cono- 
thecal striae. Vs* 



Fig. 1835. 

Brloteuthis schudilen Querist. 
Upper Lias ; Holzmaden, Wur- 
temberg. i/s (alter Quenstedt). 


shells should be compared with the pen of the common squid or calamary, Loligo 
vulgaris Lam. 

Ooccoteuthis Owen ( Trachyteuthis v. Meyer) (Fig. 1333). Proostracum elongated- 
oval, composed of calcareous and horny laminae, rounded posteriorly or with but 
slightly projecting muero ; external surface roughly granulated, and marked by lines 
diverging _ from the apex. These lines limit the boundaries of two wing-like 
expansions projecting from the sides of the elongated median portion. Impressions of 
the body and arms are occasionally found in the Lithographic Stone of Bavaria. 
Upper Jura. 

Leptoteuthis v. Meyer. Proostracum very large, thin, narrowing posteriorly and 
composed of several layers of calcareous and horny layers. Median area ornamented 
with fine undulating transverse striae, convex toward the front, and separated from the 
lateral areas by longitudinal lines diverging from the apex. Lateral areas marked 
with oblique inwardly directed lines, and bordered by lateral expansions which are 
widest posteriorly. Upper Jura of Southern Germany. L. gigas v. Meyer. 

Geoteuthis Miinst. (Fig. 1334). Proostracum composed of thin alternating horny 
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and calcareous layers, widest in front, rounded posteriorly. Median area divided into 
halves by a longitudinal line, and bounded on either side by lateral areas with 
A hyperbolic striae. Ink-bag frequently preserved, the 

contents transformed into a jet -like substance. It is 
possible to dissolve the carbonaceous particles so as to 
prepare a wash resembling India ink. Upper Lias of 
"Y * Germany, France and England. 

(r' ' BeloteutMs Munst. (Fig. 1335). Proostracum very 

thin, elongated, feather -shaped, broadly rounded pos- 
teriorly, pointed in front, traversed by a median 
longitudinal keel. Upper Lias of Wurteinbcrg. 

Teuthopsis Desl. Lias. Kelaeno Munst. Upper 
Jura. Phylloteuthis Meek and Hayden ; Actinosepia 
Whiteaves. Cretaceous ; Canada. 

Pleshoteuthis Wagner (DoralautJm Crick) (Fig. 1336). 
Proostracum very thin, long, narrow, lanceolate, pointed 
posteriorly, rounded in front, with a median longi- 
tudinal keel and a raised line along each of the lateral 
edges. Very abundant in the Lithographic Stone, and 
impressions of the body and head not uncommon. Also 
found in the Cretaceous of Maestri cht and Syria. 

Order 3. OCTOPODA Leach. 

Body without internal shell , and only the female of 
Argonauta secreting a single -chambered external shell . 
The two tentacles are not present , and the eight arms 
bear sessile suckers without horny rims. Bye relatively 
small , without sphincter -like lid. Body short and rounded , 
usually without fin-like appendages. 

The majority of genera belonging here are naked 
and therefore without fossil representatives. The small 
male of Argonauta Linn, is without a shell, but the 
large female bears a delicate, boat -shaped, spiral shell 
which is secreted partly by the mantle, and partly by 
two fin-like expansions of the dorsal arms. Outer surface 
of shell ornamented by folds and tubercles, and two 
nodose ventral keels are present. Late Tertiary (Picd- 
E'lchStadt. mont) and Recent. 

Calais J. de 0. Sowb. Body short and round, 
provided with triangular lateral fins, not united behind. 
Head small, with relatively stout tentacular arms, these being of nearly uniform 
length and size, and each bearing a single row of suckers. This is the earliest known 
Octopod genus. Upper Cretaceous ; Mt. Lebanon, Syria. 



(Ruppel). 


Fig. 138G. 

Plesioteuthis prisca 
Lithographic Stone ; 

A, Impression of animal showing 
arms and ink-bag. B, Shell, i/a- 


Vertical Kang© of the Dibranchiata. 

As compared with Tetrabranchiates, the Dibranchiata are of minor geological 
importance. Their entire organisation renders them less well adapted for preserva- 
tion in the fossil state, and accordingly we shall never be able to form oven an 
approximate idea of their importance in their contemporaneous faunae. The earliest 
representative of Belemnoidea appears in the Trias ( Aulacoceras ), and the Sepioidea 



SUBCLASS II 


DIBRANCHIATA 


689 


are initiated in the Lias. From what group Dibranchiates are descended, whether 
from the Tetrabran cilia tes or from primitive naked ancestors, we have at present no 
certain means for determining. They appear suddenly in a high state of develop- 
ment ; but a still more remarkable fact is the swift culmination and decline of the 
group of Belemnoids. In contrast to the small number of forms met with m the Trias, 
we find even in the Lias, as well as other divisions of the Jura and Lower Cretaceous, 
a rich and varied Belemnite fauna. At the close of the Cretaceous only two genera, 
JDelemnitella and Actinocamax, persist in relatively large numbers, and although a 
few antiquated relics of the same stock continue into the Eocene, their rarity 
demonstrates waning vitality. The sole living representative of Belemnoids is the 
genus Spirula. 

In all probability the Sepioirlea are descended from Belemnoids. Belosepia, of the 
Tertiary has tolerably distinct indications of a phragmacone, but in Sepia, proper the 
septation has become vestigial. Jurassic Chondrophoridae approximate closely to 
Recent squids and cuttle-fishes. All the evidence at our disposal justifies the conclusion 
that Mesozoic Sepioids possessed an essentially similar organisation to that of Recent 
forms. 

[For certain changes introduced in the present treatment of Dibranchiate Cephalopods, 
as compared with the original German edition, the Editor alone is responsible.] 



Phylum VII. ARTHROPOD A. (Articulates.) 

Heteronomously segmented animals with , typically , <2 jpa*r 0/ appendages to each 
somite of the body ; the whole enclosed in a chitinous segmented exosJcelelon 9 the joint- 
ing of which extends to the appendages. 

In the Arthropoda the segments are unequally developed, and the 
appendages, primitively locomotor in function, may be modified 011 one or 
more somites to subserve special functions, such as the seizure and comminu- 
tion of food, respiration, sensation, copulation, oviposition, fixation, etc. 
These modifications of the appendages and the more or less complete union 
of the segments into groups may result in the differentiation of three distinct 
regions : head, thorax and abdomen. Of these regions the head is concerned 
largely in sensation and feeding, the thorax is chiefly locomotor in function, 
and the abdomen frequently defensive. 

The brain lies above and in front of the oesophagus, and consists of a 
fusion of several pairs of ganglia. The rest of the central nervous system con- 
sists of a chain of ganglia lying in pairs on the ventral surface, with typically 
a pair in each somite. Not infrequently there is a more or less extensive con- 
centration or fusion of these ventral ganglia. The eyes may bo simple, 
a gg re gate or compound, with in some cases an inversion of the retinal layer. 

Respiration in the smaller forms is by the general surface of the body, 
whereas in the larger certain regions become specialised for this purpose. 
When respiratory outgrowths protrude from the body wall they are known 
as gills or branchiae ; when invaginated they are termed Imgs if they bo 
lamellar in arrangement, or tracheae if they consist of fine tubes ramifying 
through the tissues. 

Excretion is effected either by “segmental organs” (true nephridia) 
which open at the inner end into the true body cavity ( coelom ) and at the 
other to the exterior, or by diverticula developed at the hinder end of the 
alimentary canal. The nephridia when present occur in only a few segments 
of the body. The diverticula of the alimentary canal (Malpighian tubes) are 
of two kinds one developed from the mesenteron, the other from the procto- 
daeum. In all Arthropods the ducts of the reproductive organs are apparently 
modified nephridia, and the organs themselves consist of gonads developed 
from the coelomic walls. The circulation depends upon a dorsal heart enclosed 
in a vascular pericardial sac, and metameric blood - vessels terminating in 
“ lacunar ” spaces. 

Arthropods are divisible into three groups or subphyla, distinguished 
according to the nature of the respiratory organs, segmentation of the body, 
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and structure of the appendages as follows: Branchiaia, Myriapoda and 
Insecta . These are in turn divided into several classes, all of which have 
fossil representatives. As to the origin of the Phylum, Paleontology affords 
no certain evidence. The entire organisation of Arthropods indicates a close 
relationship with Vermes, and especially with the group of Annelid Worms ; 
nevertheless, the differentiation of the Arthropod type must have antedated 
the Cambrian, since several orders of Crustacea are encountered in the oldest 
fossiliferous rocks which are almost as widely divergent from the supposed 
ancestral stock as many Recent forms. The relatively late appearance of 
Myriapods, which are the most worm-like of all Articulates, may be accounted 
for by their terrestrial habitat and the destructibility of their body parts. 


Subphylum A. Branchiata. 

Arthropods breathing by means of gills (or lungs or tracheae modified from gills) 
developed always in connection with the appendages . Head and thorax rarely distinct , 
but usually more or less completely united in a cephalothorax. The genital ducts 
open to the exterior near the middle of the body , and true nephridia usually occur . 
Malpighian tubes, when present, are derived from the mesenteron. Anterior append- 
ages all multiarticulate, the basal joints of one or more pairs serving as organs of 
manducation. 

The branchiate Arthropods include two classes : Crustacea and Arachnida. 

Class 1. CRUSTACEA. 1 

Arthropods of usually aquatic habitat , and breathing by gills (exceptionally 
through the general body surface) ; with one or two pairs of appendages (antennae) in 
front of the mouth, the first of which is purely sensory, and several pairs of post-oral 
appendages, some of which are modified into organs of mastication. Appendages with 
typically a basal joint (protopodite) giving rise to two or three branches. 

The segmentation of the body is distinct in all except certain parasitic 
forms, where it is lost in the adult stage through degeneration. Usually the 
demarcation between head and thorax is obscure, and the anterior region of 
the body consists of a cephalothorax, the number of whose segments varies 
within wide limits ; this being in sharp contrast to the Arachnids , where the 
segments are constantly six in number. The cephalothorax is frequently 
covered by a chitinous shell or carapace, developed from the dorsal portion of 
the second and third segments, and is frequently strengthened by deposits of 
carbonate and phosphate of lime. Although the carapace is usually a single 

1 Literature: Brongniart , A ., and Demarest, -4. G, Histoire naturelle des Crustacea fossiles 
sous lea rapports zoologiques et gdologiques. Paris, 1822. — Milne Edwards, IT., Histoire naturelle 
des Crustaciis, 3 vols. Paris, 1834-40. — Woodward, E., and Salter, J. W., Catalogue and Chart of 
Fossil Crustacea. London, 1865. — Woodward, E., A Catalogue of British Fossil Crustacea. 
London, 1877. — Gerstaecker , A., Crustacea, in vol. v. of Bronn’s Classen und Ordnungen des 
Thierreichs. Part 1 (Cirripedia, Copepoda, Branchiopoda, Poecilopoda, Trilohita), Leipsic, 1866- 
79 ; part 2 (Isopodato Decapoda), 1881-94. — Vogdes, A . W., A Catalogue of North American 
Palaeozoic Crustacea confined to the non-trilobitic Genera and Species. Ann. N.Y. Acad. Sci., 
1889, vol. v. — Grobben, K., Genealogy and Classification of the Crustacea. Sitzungsber. Akad. 
Wibb. Wien, 1892, vol. ci. Translated in Ann. and Mag. Nat. Hist. [6], vol. xi. — Kingsley, J . S., 
The Classification of the Arthropoda. Amer. Nat, 1894, vol. xxviii. Reprinted in Tufts College 
Studies, No. 1, 1894, with bibliography. 
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piece, yet in some forms (Estheriiform Branchiopods and Ostracods) it may 
consist of two lateral valves, which enclose the body like a Pelecypod shell ; 
or of four parts, as in certain Phyllocarida ; or again (Cirripedia) of a number 
of calcareous plates. The abdomen is usually well developed and its seg- 
ments are free, but occasionally it becomes greatly reduced, as in certain 
Entomostraca. 

The total number of body somites varies within wide limits in the 
Entomostraca and Trilobita, but in the Malacostraca they are almost constantly 
twenty-one, ranging slightly higher in the Phyllocarida, and falling shorter in 
the parasitic Laemodipoda. * 

In all living Crustacea there are two pairs of antennae, although in some 
forms (Apus, Oniscids) one or the other pair may become greatly reduced. 
In the Trilobites, on the other hand, but a single pair has been discovered. 
The appendages are exceedingly variable in form, according as they serve 
for sensation, comminution of food (“ mouth parts ”), locomotion, respiration, 
capture of prey or copulation. The primitive form was a lamellar appendage 
like those found in the thoracic region of Branchiopods, but the typical leg is 
usually stated to consist of a basal portion (protopodite ) of one or two joints, 
and a distal portion made up of an inner (endopodite) and a lateral branch 
(exopodite). In many cases the exopodite becomes greatly modified or even 
entirely atrophied in the adult. 

Most of the lower Crustacea escape from the egg in a larval condition 
known as the nauplius stage. In the nauplius the body is unsegmented, there 
is but a single median eye, and but three pairs of appendagos, correspond- 
ing to the two pairs of antennae and mandibles of the adult. The nauplius 
gradually becomes metamorphosed into the adult Crustacean, the changes being 
accomplished by several moults of the external chitinous crust. In the higher 
Crustacea this free-swimming nauplius stage is omitted, the animal already 
having the form of the adult as it escapes from the egg. The Decapods have 
a larval stage known as the zoea , in which seven pairs of appendages and a 
segmented abdomen are present. These larval stages are of great value in 
determining relationships, but most modern authorities regard them as adaptive 
rather than ancestral; or, in other words, it is not believed that existing 
Crustacea are descended from an ancestral form resembling the nauplius. 

Two subclasses are recognised : Trilobita and Eucrustacea . The term 
Entomostraca is here used in a collective sense to distinguish the lower orders 
of Eucrustacea from the highest, or Malacostraca . 

Subclass A. TRILOBITA Walch. Trilobites . 3 

Marine Crustacea , with a variable number of metameres ; body covered with a 
hard dorsal shield or crust, longitudinally trilobate into the defined axis and pleura ; 

1 Literature : A. General Works. — Brongniart , A., Histoire naturelle des Crustacrs fossilos. 1822. 
— Salman, J. W., Ueber die Palaeaden Oder die sogenannton Trilobiton. 1828. — Green, «/., 
Monograph of the Trilobites of North America, with coloured models of the species. 1832. — 
Burmeister , S„ Die Organisation der Trilobiten. 1843. — Beyrich, E., tlber einige bohmische 
Trilobiten, Berlin, 1845-46.— Corda, J. G ,, and IZcwle, J Prodrom einer Monographic der 
bohmischen Trilobiten. Prag 1847. — Sail, J., Palaeontology of New York, vols. i.-iii., 1847-59. — 
Barrande, Systeme Silurien du centre de la Boheme, vol. i., 1852 ; Supplement, 1872.— Angelvn, 
iV. P., Palaeontologia Scandinavica. Parti. Crustacea formationis tranaitionis, 1854. — Nviszkowski, 
J,, Versuch einer Monographic der in den silurischen Schichten der Ostseeprovinzen vorkommenden 
Trilobiten, 1857. — Eofimnn, E., Sammtliche bis jetzt bekannte Trilobiten Russlands. Vorhandl. 
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cephalon , thorax ancl abdomen distinct. Cephalon covered with a shield composed of 
a primitively pentamerous middle piece , the cranidium , and two side pieces , or free 


Mineral. Gesellsch. St. Petersburg, 1857-58. — Salter , J. W., A* Monograph of British Trilobites. 
Palaeontographical Society, 1864 . — Idem and Woodward, H., Ibid., 1867-84. — Schmidt , F., 
Revision der ostbaltischen silurischen Trilobiten. Mem. Acad. Imp. St. Petersbourg, 1882-1907, 
ser. 7, vol. xxx., and ser. 8, vol. xii. — BrOgger , W. C., Die silurischen Etagen 2 und 3 in Kristiana- 
gebiet und auf Eker, 1882. — Holm, G., De Svenske Artema af Trilobitslagtet Illaenus. Bihang 
Svensk. Vetensk. Akad. Handl., 1882, vol. vii., no. 3. — Matthew, G. F Illustrations of the 
Fauna of the St. John's Group, 1882-93. — Woodward, H., Monograph of the British Carboniferous 
Trilobites. Palaeontogr. Soc., 1883. — Hall , J ., and Clarke , J. M., Palaeontology of New York, 
1888, vol. vii. — Walcott, C. I)., The Fauna of the Lower Cambrian or Olenellus Zone. 10th Ann. 
Rept. TJ.S. Geol. Surv., 1890. — Jaekel , 0., Uber die Organisation der Trilobiten. Zeitschr. Deutsch. 
Geol. Ges., 1901, vol. liii. — Lake , P., Monograph of British Cambrian Trilobites. Palaeontogr. 
Soc., 1906-1913. — Lorenz , T. t Beitrage zur Geologie und Palaontologie von Ostasien, der Provinz 
Schantung, etc. Zeitschr. Deutsch. Geol. Ges., 1906, vol. lviii. — Monk , H., Beitrage zur Geologie 
von Schantung. Jahrb. Preuss. Geol. Landesanst. Bergakad., 1905, vol. xxiii. — Muberg , J . C., and 
Segerberg, Q. O., Bidrag till Kannedomen om Cerntopygeregionen med Sarskild Hansyn till dess 
Utveckling i Fogelsangstrakten. Acta Universitatis Lundensis, 1906. — Olin, E., Om de Chasmops- 
kalken och Trinucleusskiffern Motsvarande Bildningame i Skane. Acta Universitatis Lundensis, 
1906. — Raymond, P. E., The Trilobites of the Chazy Limestone. Annals Carnegie Mus., 1905, 
1910, vols. iii., vii. — Idem , and Namaway, J. E., Notes on Ordovician Trilobites. Ibid., 1906, 
1910, vols. iv., vii. — Reed, F.R. G., Lower Palaeozoic Trilobites of the Girvan District. Palaeontogr. 
Soc., 1903-1906. — Idem , The Lower Palaeozoic Fossils of the Northern Shan States. Burma. 
Palaeont. Indica, 1906. — Idem, The Cambrian Fossils of Spiti. Palaeont. Indica, 1910. — Walcott , 
O. D., The Cambrian Faunas of China. Proc. U.S. Nat. Mus., 1906, and Smithson. Misc. Coll., 
vol. xxix., 1911. — Idem, Cambrian Trilobites. Geology and Paleontology. Smithson. Misc. Coll., 
1908-11, vols. liii., Iv. — Weller , S., Paleontology of the Niagaran Limestone in the Chicago Area. 
Bull. Chicago Acad. Sci., 1907, no. 4. 

B. Structure and Appendages: Burmeister, H., vide supra, 1843. — Billings , F., Notes on 
some Specimens of Lower Silurian Trilobites. Quar. Joum. Geol. Soc., 1870, vol. xxvi. — Woodiaard, 
H., Note on the Palpus and other Appendages of Asaphus from the Trenton Limestone in the 
British Museum. Quar. Journ. Geol. Soc., 1870, vol. xxvi. — Walcott, G. D., Preliminary Notice 
of the Discovery of the Natatory and Branchial Appendages of Trilobites. 28th Rept. N.Y. State 
Mus. Nat. Hist., 1875. — The Trilobite ; New and Old Evidence relating to its Organization. Bull. 
Mus. Comp. Zoology, 1881, vol. viii. — Pfovdk, O., Studienan Hypostomen bohmischen Trilobiten. 
Sitzungsber. Bohm. Ges. Wiss., Jahrg. 1879, 1886. — Clarke, J.M., The Structure and Development 
of the Visual Area in the Trilobite Phacops rana Green. Journ. Morphology, 1888, vol. ii. — 
Matthew, W. D., On Antennae and other Appendages of Triarthrus beckii. Amer. Joum. Sci., 1893, 
(3), vol. xlvi . — Beecher , O. E., On the Thoracic Legs of Triarthrus, ibid., 1893. — On the Mode 
of Occurrence, and the Structure and Development of Triarthrus beeki. American Geologist, 1894, 
vol. xiii. — The Appendages of the Pygidium of Triarthrus. Amer. Journ. Sci. 1894 (3), vol. xlvii. 
— Further Observations on the Ventral Structure of Triarthrus. Amer. Geologist, 1895, vol. xv. — 
The Morphology of Triarthrus. Amer. Journ. Sci., 1896 (4), vol. i. — Structure and Appendages 
of Trinucleus, ibid., 1895. — Studies in Evolution, New York, 1901. — The ventral integument of 
Tribolites, Amer. Journ. Sci., 1902 (4), vol. xiii. — Lindstrom, G. Researches on the Visual Organs 
of Trilobites. Svensk. Vet. Akad. Handl., 1902, vol. xxxiv. 

C. Ontogeny : Barrande, J., vide supra , 1852. — Beecher, O. E., The Larval Stages of Trilobites. 
Amer. Geologist, 1895, vol. xvi. — Matthew, G. F., Sur le d6veloppement des premiers Trilobites. 
Ami. Soc. Roy. Mai. de Belgique, 1889, vol. xxiii . — vide ante, 1882-93. 

D. Systematic Position : Zittel, K. A ., Handbuch der Palaeontologie, 1881-85, vol. iii. — Grundznge 
der Palaontologie, 1895. — Lang, A., Text-book of Comparative Anatomy. English Translation by 
H. M. and M. Bernard. 1891.— Kingsley, J. S., The Classification of the Arthropods Amer. 
Nat., 1894, vol. xxviii. — Bernard, H. M., The Systematic Position of the Trilobites. Quar. Joum. 
Geol. Soc., 1894-95, vols. 1., li. — The Zoological Position of the Trilobites. Science Progress, 
1895, vol. iv. — Woodward, H., Some Points in the Life-History of the Crustacea in Early Palaeozoic 
Times. Quar. Journ. Geol. Soc., 1895, vol. li. — Haeckel, E., Systematische Phylogenie der 
wirbellosen Tiere (Invertebrata), 1896. — Beecher, C. E., Outline of a Natural Classification of the 
Trilobites. Amer. Joum. Sci., 1897 (4), vol. iii. 

E. Classification: Barrande, J., vide supra, 1852. — Beecher, O. E., ante, 1897. — Brongniart, 
A., ante, 1822. — Burmeister, H., ante, 1843. — Gorda, A. J. Q., and Hawle , J., ante, 1847. — 
Haeckel, E., ante, 1896. — Dolman, J. TV., Om Palaeaderna eller de sfi kallade Trilobitema 
Stockholm, 1826 . — Milne Edwards, H„ Histoire naturelle des Crustaces, 1834-40. — Quenstedt, 

F. A., Beitrage zur Kenntniss der Trilobiten. Wiegmann’s Arcliiv fur Naturgesch., 1837, vol. iii. 
— Emnrich,H. F., De Trilobitis. Dissertation, 1839. — Zur Naturgeschichte der Trilobiten, 1844. — 
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cheeks , which may be separate or united in front , and carry the compound sessile 
eyes when present ; cephalic appendages pediform, consisting of five pairs of limbs , 
all biramous , and functioning as ambulatory and oral organs , except the simple 
antennules , which are purely sensory. Upper lip forming a well-developed hypostoma ; 
under lip present Somites of the thorax movable upon one another , varying in 
number from two to twenty -nine . Abdominal segments variable in number, and fused 
to form a caudal shield . All segments, thoracic and abdominal , carry a pair of 
jointed biramous limbs. All limbs have their coxal elements forming gnathobases , 
which become organs of manducation on the head. Respiration integumental and by 
branchial fringes on the exopodites. Development proceeding from a protonauplius 
form , the protaspis , by the progressive addition of segments at successive moults. 

The Trilobites constitute a group of extinct marine animals, and are 
related to the stock of the higher modern Crustacea ; they are therefore to be 
considered as very primitive Crustaceans. The subclass had its origin in pre- 
Cambrian times. Trilobite remains are very abundant in the oldest known 
fossiliferous strata, the Cambrian, where they exceed in number and diversity 
all other forms of animal life. They continue to be very plentiful during the 
Ordovician and Silurian, but decline in the Devonian, and the few last sur- 
vivors are found in the Carboniferous and Permian. Probably there have 
been more than two thousand species described, distributed among nearly two 
hundred genera. These numbers give an idea of the amount of differentiation 
and specialisation attained by Trilobites during Paleozoic times. 

Carapace . — Trilobites were covered or protected on the dorsal side by a 
hard crust or shield, which is the only portion commonly preserved. Their 
remains, even when fragmentary, are recognisable by the form and structure of 
this shield. It is divided longitudinally by two dorsal furrows, or grooves, 
into three portions or regions, and on this account the name Trilobite was 
first given. The central part formed the axis of the animal, and contained the 
principal organs, as the viscera, heart and chain of ganglia. Transversely the 
shield is divided into (1) a head portion called the cephalon ; (2) a series of 
joints or segments, forming the thorax; and (3) a tail-piece or pygidium, 
forming the abdomen. 

The test seldom exceeds one millimetre in thickness, and consists of thin 
laminae of carbonaceous and phosphatic compounds of calcium, some of which 
were originally chitinous substances. The laminae are frequently traversed 


Goldfuss, A Systematised tjbersicht der Trilobiten xmd Beschreibung obligor notion Arten 
derselben. Neues Jahrb. fur Mineral, 1843. — M l Coy, F., On the Classification of some British 
Fossil Crustacea, with Notices of new Forms in the University Collection at Cambridge. Ann. 
Mag. Nat. Hist., 1849 (2), vol. iv. — Chapman, E. J., Some Remarks on the Classili cation of the 
Trilobites as influenced by Stratigraphic Relations : with Outlines of a new Grouping of these 
Forms. Trans. Roy. Soc. Canada, 1889, vol. vii. — Gtirich, G ., Versucli einer Neuointoilung der 
Trilobiten. Centralbl. Mineral. Geol. Pal., 1907. — Jaekel, 0., tjber die Agnostidon. Zeitschr. 
Deutsch. Geol. Ges., 1909, vol. lxi. — Pompeckj, J. F., tjber Calymmene, Brongniart, Neues Jahrb., 
1898, vol. i. — Raymond, P. E Notes on Parallelism among the Asaphidae. Trans. Roy. Soc. 
Canada, 1912 (3), vol. v. — Reed , F. R. 0., Notes on the Evolution of the genus Choirurus. 
Geol. Mag., 1896 (4), vol. iv.— Idem, Blind Trilobites. Ibid., 1898, vol. \.~~Idem, On the British 
species of Conocoryphe. Ibid., 1900, vol. vii. — Idem, On some Wenlock species of Lickas. Ibid., 
1903, vol. x., and (5), 1907, vol. iv. — Idem, The Classification of the Phacopidae. Ibid., 1906, 
vol. ii.— Idem, Notes on the geuus Lichas. Quart. Joirni. Geol. Soc., 1902, vol. Iviii. — Idem,, On 
the genus Trinucleus. Geol. Mag., 1912 (6), vol. ix.— Wedekind, R., Klassifikation dor Phaco- 
piden. Zeitschr. Deutsch. Geol. Ges., 1911, vol. lxiii. 

F. Bibliography : Vogdes, A. W A Classed and Annotated Bibliography of the Palaeozoic 
Crustacea. Cal. Acad. Sci. Occas. Papers, iv., 1893. Supplement in Proc. Cal. Acad., 1896, vol.^v. 
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by minute pores, which give a punctate appearance to the test, and which are 
sometimes large, as in Homdonotus and related forms. 

The carapace is somewhat arched or convex, generally elongate-oval in 
form, and usually rounded at both ends. The length is almost invariably 
greater than the width. Very often the same species shows a broad form, 
as well as a relatively larger, narrower one. The former was considered i by 
Barrande as representing the female, and the latter the male individual. The 
carapace is often ornamented with spines, teeth and knobs. These may be of 
the nature of surface ornaments, or in the case of spines, may be produced by 
growths from the genal angles, the ends of the segments of the thorax and 
pygidium, or the spiniform extension of the pygidial termination. 

The carapace does not often terminate at the margin as a simple lamellar 
plate, but is turned under, and forms a reflexed margin, or dovblwre , which is 
parallel to the outer edge, but is separated from the upper surface by a narrow, 
partially included space. This produces the hollow spines from the ends of 
the segments, from the genal angles and from the pygidium. In rare instances, 
the spines are solid. 

The axial lobe , , or middle part, is defined by two longitudinal dorsal furrows 
extending the whole length of the thorax, and also over more or less of the 
cephalon and pygidium. 

The pleura are the two lateral areas on each side of the axis. Thus, there 
are pleural cephalic, thoracic and pygidial regions. The name pleuron (in 
the singular), or pleura, is especially applied to the extensions from the axial 
portion of each free segment. 

The Cephalon , . — The cephalon, or cephalic shield (Fig. 1337), includes all 
that part of the carapace in front of the thorax. It comprises the hypostoma, 



shallow pits. The glabella may constitute nearly the whole of the cephalon, 
as in Deiphon or Jeglina, or it may be narrow, as in Harpes and Ewycare . In 
some cases it does not extend over half the length of the cephalon, as in Harpes 
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and Aulacopleura , but it may extend to the frontal border, as in Placoparia or 
Ceraurus , or even beyond, as in Phacops , Ampyx and Conolichas. The entire 
portion of the glabella which lies in front of the anterior lateral furrows, and 
which is often somewhat enlarged laterally, is called the frontal lobe. Some- 
times the limitation between the glabella and fixed cheeks is scarcely defined, 
as in Maenus and Dipleura. Most frequently, however, three pairs of grooves 
can be distinguished in front of the neck furrow, marking the pontamerous 
division of the glabella and the five pairs of appendages attached to the 
cephalon. Sometimes the lateral furrows are continuous across the glabella, 
or again, they may be directed obliquely ( Triarthrns ), or even form longi- 
tudinal grooves ( Conolichas ). 

The hypostomaf or labrum, is homologous to the upper lip of other 
Crustaceans, and consists of a separate plate attached by an articulating 
a bo surface or line to the reflexed border of 




Hypostomas. A, Corydocephcdus palmatus. B, jvmvw 

C, Encrinurus intercostatus, side and front views from the glabella, 
(after Novdk). BB, Anterior edge; M, Middle r. • 

furrow; E, Posterior furrow of the middle por- firmly ]OinOQ, tOmil 


the cephalic shield (Fig. 1338). 

In front of the hypostoma is a rostral 
area sometimes partly occupied by a 
separate plate, the epistoma ( Maenus , 
Galymene). 

The fixed cheeks are lateral extensions 
from the glabella, to which they are 


xnuviiki. joxs, .anterior eaiie : m, jvuuaio n i • • i r * j_v . i , ■ 

furrow; E, Posterior furrow of the middle por- firmly joined, lomiing thG central portion 

&r?o"r ™ en ° r edge ; L ' Lateral edgo; % PoH ' °f the cephalon. They may occupy more 

than two -thirds of the cephalon, as in 
Conocoryphe , or may become greatly reduced, as in Lichas and ProHns. The 
cmnidium consists of the glabella and the fixed cheeks. 


The free cheeks carry the compound eyes, and are separated from the 
cranidium by a suture. They may form (a) a continuous ventral plate, as in 
Earpes , Agnostus, Cryptolithus , etc. ■ they may include (b) a greater or lesser 
portion of the dorsal surface, being either entirely separated by the cranidium, 
or ( c ) meeting, and (d) sometimes coalescing in front. Thoy are widely 
separated in Ptychoparia, in juxtaposition in Asaphus , and continuous in 
Dalmanites . 


The genal angles are the posterior lateral angles of the cephalon. They 
may be rounded, as in Maenus , angular, as in Goldius , or spiniform, as in 
Cryptolithus, and Dalmanites . They belong either to the fixed cheeks, as in 
Dalmmites i or to the free cheeks, as in Maenus , Goldius and Proetus. 

The character of the cheeks is especially influenced by the facial sutures 
separating the free cheeks from the rest of the cephalon. Thoy appear 
as sharply defined lines beginning either at the posterior margin, or 
near the genal angles, or on the lateral margins, and extend to the eyes, 
thence around the inner margin of the visual areas, then turn anteriorly, and 
either unite in passing around the front of the glabella or remain separate, in 
which case the sutures terminate in the anterior margin. The position of the 
facial sutures thus determines the relative size of the fixed and free cheeks. 
After the death of the animal, or after moulting, the cephalic shield frequently 
fell into pieces, dividing along these sutures. 

In most Trilobites, the existence of eyes has been demonstrated, though 


p-i* BrVgyw-, W. <?., Uber die Ausbildtmg des Hypostomes bei einigen skandiuavischen Asapluden. 
Bihang K. Svensk. Vet. Akad. Handl., 1886, voL xi. 
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they appear absent altogether in some genera (Gomcoryphe, Agnosias), and are 
so imperfectly shown in others that for a long time they remained unrecognised 
(Agraulos, Sao , Ellipsocephalus, etc.). The eyes are compound, and are elevated 
above the free cheeks. The adjoining area of the fixed cheeks is also drawn 
upwards, thus forming the palpebral lobe. The visual areas of the eyes are 
borne by the free cheeks. The shape of this area is extremely variable, but 
together with the palpebral lobe it generally forms a truncated, conical or 
semilunar elevation, of which the laterally directed, convex side is occupied 
by the visual surface ( Phacops , Asaphus ). It may likewise have a circular or oval 
form, and very little convexity above the general surface. The eyes may be 
quite small, as in Encrinurus and Trimerocephalus ; large and prominent, as in 
Phacops, Dalmanites and Proetus ; or very large, as in Aeglina, in some species 
of which nearly the entire area of the free cheeks is faceted, and the visual 
surface extends around the entire outer borders of the cephalon. In many of 
the primitive genera the eyes are situated at the distal ends of raised lines, or 
eye lines, extending outward from near the forward end of the glabella. 

As regards their structure, the compound eyes of Trilobites are recognised 
as of two kinds. In the first, the holochroal, the visual area is covered with a 
continuous horny integument, or cornea, which is either smooth and externally 
gives no idea of its compound nature, or granular, on account of the facets 
beneath. The lenses of the ommatidia are often visible by translucence. The 
second type of structure, the schizochroal, is confined to the single family 
Phacopidae. In this, the visual area is made up of small, round or polygonal 
openings for the separate facets of the cornea, between which is an interstitial 
test or sclera. The size of the facets varies from more than 0*5 mm. in some 
of the Phacopidae, to from 6-14 facets in the width of 1 mm. in other Trilobites. 
The number and arrangement of the facets also vary greatly according to the 
genus. Trimerocephalus volborthi shows only 14 facets, while species of Phacops 
may possess from 200-300, and Dalmanites hausmanni has 600. Among the 
holochroal eyes, the number of facets is much greater ; in Goldius palifer it is 
estimated at 4000, in Ogygites nobilis at 12,000, and in Caphyra radians as high as 
15,000. Usually the facets are arranged in regular, alternating, vertical rows, 
or quincuncially. 

Certain genera show visual organs of an entirely different type, which can 
be best regarded as simple eyes, and correlated with the ocelli of many Crus- 
taceans. Thus, the genera Harpes and Tretaspis present from one to three 
simple elevations or granules on the fixed cheeks, at the ends of eye-lines, 
while the ordinary compound eyes on the free cheeks are absent. 

The Thorax . — In contrast to the undivided cranidium, the thorax consists 
of a series of short, transverse, articulating segments, which differ in number 
with the genus and species. Every thoracic segment is divided by the dorsal 
furrows into a middle portion (axis, tergum) and two lateral divisions (pleura, 
cpimera ). The axial portions are firmly anchylosed with the pleura, and are 
generally strongly convex, with the posterior margin incurved. Anteriorly 
they bear an extension below the general surface, and separated by a furrow. 
This forms a surface of articulation along which the segments are movable, and 
is covered by the edge of the segment immediately in front, so that it is chiefly 
visible in coiled or disarticulated specimens. Barrande distinguished two 
types of pleura : (1) furrowed pleura (plhvre h sillon), which have a diagonal 
furrow on the upper surface, running posteriorly from the anterior edge near 
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the axis, and towards the free extremity ; and (2) ridged pleura (plhvre h 
bourrelet ), having a longitudinal ridge or narrow fold. These characters vary 
considerably, and are sometimes obscure. In a small number of genera 
(Maems, Nileus) the pleura are perfectly smooth. 

All pleura show a distal or lateral, and a proximal or inner portion. The 
latter extends from the axis to the fulcrum or bend, ie. to a place where the 
pleura bend more or less abruptly downward, and also generally toward the 
rear. The distal portion, beginning at the fulcrum, may continue of equal 
thickness and be rounded or obtuse at the extremity, or it may decrease in 
size and terminate in a spine. 

The number of thoracic segments differs exceedingly among different 
genera. The smallest number, two, occurs in Agnostus. The largest number 
so far observed, twenty-nine, is found in some species of Havpes. A variation 
is to be noted even among the species of a single genus, hence this character 
is not of general application for purposes of classification. For example, 



Fig. 1339. 


Fio. 1340. 


Pygidium of Ogygiocans buchi (Brongt). 
Ordovician, Wales. 


Pygidium of Qohhw mihiilUJnv (Boyr.). 
Devonian ; Bohemia. 


there are species of Ampyx and Aeglina with five to six thoracic segments, 
Phillipsia with nine to fifteen, Gheirurus with ten to twelve, Oyphaspis with ten 
to seventeen, Ellipsocephalus with ten to fourteen, and Paradoxides with sixteen 
to twenty. In general, there seems to be a sort of mutual relationship 
between the number of thoracic segments and the size of the pygidium. 
When the latter is large, the thoracic segments are usually few ; but if small, 
the number of thoracic segments is large. 

The Pygidium . — The* abdomen of Trilobites is commonly known as the 
pygidium (Fig. 1339), though sometimes styled the caudal shield or plate. It 
consists of a single piece, with an arched upper surface, upon which may bo 
distinguished regularly a median axis and two lateral parts, or pleural lobes, 
marked more or less distinctly by transverse furrows. Sometimes it boars 
considerable resemblance to the cephalic shield (Agnostus, Eodiscus). The 
pygidium evidently originated from the anchylosis of a number of similar 
segments. The potential segmentation is often so strongly marked that it is 
very difficult to recognise the dividing line between the thorax and pygidium, 
except in disarticulated specimens. Sometimes the evidences of segmentation 
disappear entirely or are but faintly indicated on the lower side. When 
segmentation along the axial and lateral lobes is weak, the pygidium differs 
considerably in appearance from the thorax. 

The mis may extend as far as the posterior end of the pygidium, or to 
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any part of the length, but is sometimes reduced to a short rudiment ( Goldins , 
Fig. 1340), or it may be even entirely obscured ( [Nileus ). The number of 
axial segments normally corresponds to the number of pygidial, and varies 
between two and twenty-eight. On the lateral lobes, all or at least a part of 
the pleura may also be seen, being continued from the axis as ribs separated 
by furrows. In these cases, the furrowed and the ribbed pleura can usually be 
distinguished, but not infrequently they have entirely disappeared as surface 
features. Many of the Cambrian Trilobites are conspicuous for their small 
pygidium and elongated thorax. 

The outline of the pygidium is most frequently semicircular, parabolic or 
elliptical ; more rarely it is triangular or trapezoidal. The margin is entire, 
less commonly dentate or spiny. The border, as in the case of the cephalon 
and the pleura of the segments, has a reflexed margin, or doublure, which in 
some genera attains considerable width. 

The Ventral Side . — The ventral side of Trilobites is commonly inaccessible 
for purposes of observation, since, as a rule, it is so firmly attached to the 
rock that the organs, even though present, cannot be exposed by the ordinary 
methods. Furthermore the appendages and ventral structures are so thin 
and delicate that the most favourable conditions are necessary for their pre- 
servation. For this reason, great uncertainty has prevailed regarding the 
presence and character of the legs and various appendages. After a careful 
preparation of their inferior side, by far the larger number of Trilobites show 
only the vacant hollow space beneath the dorsal shell, and the hypostoma 
attached to the reflexed margin of the cephalic shield. This common condition 
of the fossils led Burmeister, in 1843, to the assumption that all organs on 
the lower side, as in Phyllopods, were originally soft and fleshy. Previous 
to this, however, Linnaeus, in 1759, described what appeared to-be antennae, 
and Eichwald, in 1825, announced both antennae and legs. Altogether the 
early literature down to 1870 contains quite a number of claimants for this 
discovery. Most of the evidence is manifestly erroneous, and the two or 
three cases which bear some semblance of validity are too obscure to be of 
any scientific value. 

Billings, in 1870, published the description and figure of an unusually 
well-preserved Isotelus gigas from the Trenton Limestone of Ottawa, Canada. 
The ventral side of the specimen showed eight pairs of jointed legs on each 
side of a median furrow. Soon after, Woodward described an antenna or 
pediform cephalic appendage, lying beside the hypostoma of another individual 
of the same species. Through the investigations of Walcott (1875-94) on 
Cerawus and Calymene , by means of transverse and longitudinal* sections 
of enrolled specimens, a number of problems have been settled as to the 
characters of the ventral 



ported by transverse processes which became thickened with age, and to 
these the legs were attached. 
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The alimentary canal, discovered by Beyrich and Volborth, begins at 
the mouth and then curves over backward benoath the glabella, and extends 
parallel with the dorsal test to its termination in the anal opening at the 
posterior end of the pygidium (Fig. 1341). 

Most of the recent advances in the knowledge of Trilobite structure have 
come from the study of numerous very perfectly preserved specimens of 



Triarthrus becki Green, from the Utica Shale (Ordovician), near Romo, Now 
York. Undoubted antennae in this form were discovered by Yaliant, and first 
announced by Matthew in 1893. Subsequently a series of papers was 
published by Beecher on the detailed structure of this Trilobite, which is now 
the best known of any species, and necessarily forms the basis* of much of the 
following summary of ventral organs. 

In the median line anteriorly, there is first the hypostoma or upper lip, at 
the end of which, and opening obliquely backward, is the mouth (Walcott, in 
Oalymene ). In Triarthrus the lower lip, or metastoma, is a convex arcuate 
plate, just posterior to the extremity of the hypostoma. At the angles on 
either side are two small elevations, or lappets. 
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Paired Appendages, — All segments of the cranidium, thorax and pygidium, 
except the anal segment, carry appendages, all of which arc biramous save the 
anterior pair. The anterior 
antennae, or antennules, are 
attached at the sides of the 
hypostoma, and consist of a 
simple, many-jointed flagel- 
lum (Fig. 1342). The 
caudal rami of the Cambrian 
genus Neolenus (Fig. 1343) 
are long, slender, jointed 
and attached to the last 
segment of the pygidium. 

The typical Trilobite 
leg has two branches arising 
from a basal joint, or coxo- 
podite , which is prolonged 
into a gnathobase. The 
inner branch, or endopodite , 
has typically six joints. wa®^'' 11 * 11 Hll0W1UK olon * iltu H< “ roUH ox °i )odit() - * 4 A 
The outer branch, or exo~ 

podite , has a long proximal joint, with a distal multiarticulatc portion, or 
the proximal joint may be flat and elongate, forming the entire exopodite, 
as in Neolenus (Fig. 1343). Long setae extend posteriorly, and on the distal 
portion they are so crowded as to make a conspicuous fringe, imparting a 
characteristic appearance to the log. 

Besides the antennules, the cophalon boars four pairs of pediform biramous 
appendages, with large gnathobasos functioning as manducatory organs. Of 



Vm. 1343. 

Neolrnw smut w Rommgor. Middle Cambrian ; Buvgnss Push, 


a. 



Fiu. 1844. 

TrUvrthrus her, Id Croon, a, Restored thoracic limbs in transverse 
Motion of tlin animal ; h, Section across anterior portion of pygidium ; 
r, Section across posterior portion of pygidium (after Bencher). 



Triarthmn her, hi Grnon, 
Dorsal view of second thoracic 
leg, with and without setae and 
without gnathobase. cm, lindo- 
podite ; ex, Exopodite (after 
Beecher). 


these the first may be correlated with the posterior antennae of higher Crustacea. 
In structure and function they are true mouth appendages, like the second 
pair of nauplius limbs. The second pair, corresponding to the mandibles of 
higher forms, and the third and fourth, corresponding to maxillae, have the 
same structure as the first, with large gnathobasos and fringed exopodites. 
The thoracic and abdominal limbs are of the same biramous type. The ondo- 
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podites are jointed, crawling legs ; posteriorly, especially on the pygidium, 
the joints become flattened and leaf-like, carrying tufts of setao, and being 
adapted for swimming. 

The exopodites are fringed along their posterior edges with narrow, 
oblique lamellar elements becoming filiform at the ends, thus converting the 
limb into a swimming organ, and probably also serving respiratory functions 
(Figs. 1343, 1346). 

Habits . — In the absence of any closely allied recent forms, it is diflieult to 
reach definite conclusions respecting the manner of life of Trilobitos, except 
a n 



Fig. 1840. 

Cryptolithus tespellatw Greon. Utica Shale (Ordovician) ; Homo, Now York. A, Loft half of pygMium and 
three thoracic segments, with test removed, and showing fringes of the oxopoditoH. II, Ventral aspect of Maine. 
a, Endopodite ; b, Exopodite. 10/ x (after Beecher). 


such as are based upon their organisation and mode of occurrence. Thoy wore 
undoubted marine animals, since their remains are found only in salfr water 
deposits, associated with brachiopods, cephalopods, crinoids, and other typical 
oceanic forms. Some species are plentiful in calcareous or argillo-calcareous 
deposits, with thick-shelled brachiopods, gastropods and reef-building corals, 
which evidently did not live at any considerable depth. Other forms appear 
to have been bottom crawlers, frequenting either muddy or sandy bottoms ; 
and again, others like Cryptolithus , lived partly buried in the soft mud. On 
the other hand, many species indicate, from the absence of visual organs, a 
comparatively deep-water habitat. The structure of the appendages of many 


was probably such as to permit of both swimming and 
crawling, as in a number of families of modern Crustacea, 
and they were therefore restricted neither to the shore 
nor to the bottom. This doubtless explains the occur- 
rence of the same species in very different sediments. 

Power of Enrollment — The bodies of most Trilobitos 
were capable of being rolled up completely like many 
fig. 1347 , °* ^e I S0 P°ds (Fig. 1347). In the enrolled condition 

Ccdymcne ineeli Foerate. the margin of the pygidium is closely applied to the 
ESoueTap ; ecto 1 e^ lllatl, 0hl °* doublure of the cephalon, thus entirely concealing the 
ventral side of the body. The thoracic segments over- 
lap, and admit of more or less motion upon one another. The pleura also 
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imbricate, and their fulcra are provided with facets upon which the fulcra of 
adjacent segments impinge. The ends of the pleura thus protect the ventral 
surface along the sides, when the animal is enrolled. Some forms appear to 
have possessed the power only to a limited degree. In these, the creature is 
usually found extended, and the facets on the fulcra are either rudimentary 
or absent. 

Ontogeny . — Minute spherical or ovoid fossils associated with Trilobites 
have been described as possible Trilobite eggs, but nothing is known, of 
course, of the embryonic stages of the animals themselves. The smallest and 
most primitive organisms which have been detected, and traced by moans of a 
series of specimens through successive changes into adult Trilobites, are little 
discoid or ovate bodies not more than 1 mm. in length. This first larval form 
has been named the protaspis, and has been found to be the typical larval form 
characteristic of all Trilobites. It is believed to approximate the protonauplius 
form, or the theoretical, primitive, ancestral, larval form of the Crustacea. 

The simple characters possessed by the protaspis are the following, as 
drawn from the study of this stage in all the principal groups of Trilobites : — 
Dorsal shield minute , not more than 0‘4 to I mm . in length; circular or orate in 
form ; axis distinct, mofb or less strongly amulated , limited by longitudinal grooves ; 
head portion predominating ; axis of cranidium with five annulations ; abdominal 
portion usually less than one-third the length of the shield ; axis with from one to 
several annulations ; pleural portion smooth or grooved ; eyes , when present , anterior, 
marginal or submarginal; free cheeks, when visible, narrow and marginal. 

The changes taking place during the growth of an individual are chiefly 
the following : — Elongation of the body through the gradual addition of the 
free thoracic segments ; development of the pygidium ; translation of the 
eyes, when present ; modifications in the glabella ; growth of the free cheeks ; 
and final assumption of the mature specific characters of pygidium and 
ornamentation. . 

In a classification of the stages of development, the protaspis has the rank 
of a phylembryo, and corresponds in value to the protoconch of ceplialopods, 
the prodissoconch of pelecypods, and the protegulum of brachiopods. In its 
geological history and the metamorphoses it undergoes to produce the perfect 
Trilobite, accurate information can be gained as to what the primitive char- 
acters are, and the relative values of other features acquired during the long 
existence of the class. 

Of the developmental stages after the protaspis, the nepionic may be con- 

A Ji 



Fi«. 1348. Flo. 1349. 



7'tycJwpariu, Tclnifi Mook. 
Gamwlan. A, ProtaapiH an* 
largod. Ji, Adult reduced. 


Ha o 7 Urmia Barr. Cambrian. 
A, ProtawpiH onlurtfod. Ji, Adult 
reduced. 


THarthrnu her, hi Croon. 
Ordovician. A, I > rotaHplH on* 
largod. Ji, Adult roducod. 


sidered as including the animal when the cephalon and pygidium are distinct, 
and the thorax incomplete. There would thus be as many nepionic stages as 
there are thoracic segments. The neanic stages would be represented by the 
animal with all parts complete, but with the average growth incomplete. 
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Final progressive growth and development of the individual would fall under 
the ephebic stage. Lastly, general evidences of senility would bo interpreted 
as belonging to the gerontic stage. 

Morphogeny . During the protaspis stage, several moults take place before 

a n 


A n 



Fio. 1351. 


Pronins iHtrmmonlns Hall. 
Ordovician. A, Protaspis 
much enlarged B, Adult 
slightly enlaiged. 


A B 


Fio. 1352 

Aciriaspis tubcrcnhUa 
Conrad. Devonian. A, 
Protaspis enlarged. P, 
Adult reduced. 



Kick 1353. 


fiahnmdhia Minuhs (Harr.). 
Ordovician. A, HrotuNpis <*n- 
largcd. ZJ, Adult. minced. 
(Figs. 13-1S-I353 after Hocclior.) 




the complete separation of the pygidium or the introduction of thoracic seg- 
ments. These bring about various changes, namely, the stronger annulation 
of the axis, the appearance of the free cheeks on the dorsal side, and develop- 
ment of the pygidium by the introduction of new appendages and segments, 
as indicated by the additional grooves on the axis and limb. In the earliest, 
or Cambrian genera, the protaspis stage is by far the simplest expression of 
this period to be found. In the higher and later genera, the process of 
acceleration or earlier inheritance has pushed forward certain characters until 
they appear in the protaspis, thus making it more and more complex. 

Taking the early protaspis stages in Solenoplema , Lmtmcus or Ptychoparia , 
it is found that they agree exactly with the foregoing diagnosis in its most 

elementary sense. Since they are the 
characters shared in common by all larvae 
at this stage, they are taken as primitive, 
and accorded that value in dealing with 
adult forms possessing homologous features. 
Therefore, any Trilobite with a large elon- 
gate cephalon, eyes rudimentary or absent, 
free cheeks ventral or marginal, and glabella 
long, cylindrical, and with five annulations, 
would naturally bo placed near the begin- 
ning of any genetic series, or as belonging 
to a very primitive stock. 

Next must be considered the progressive 
addition of characters during the geological 
ot°aevetopiMnt^fter > B'arrand’e)? 0 ^ onie history of the protaspis, and the ontogeny 

of the individual during its growth from 
the larval to its mature condition. It has been shown by Beecher that 
there is an exact correlation to be made between the geological and ssoological 
succession of first larval stages and adult forms, and therefore both may bo 
reviewed together. 

The first important structures not especially noticeable in all stages of the 
protaspis are the free cheeks, which usually manifest themselves in the meta- 
or para-protaspis stages, though sometimes even later. Since they boar the 
visual areas of the eyes, when such are present, their appearance on the dorsal 
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shield is practically simultaneous with those organs, and before the eyes have 
travelled over the margin, the free cheeks must be wholly ventral in position. 
When first discernible, they are very narrow, and in Ptychoparia and Sao, 
include the genal angles. In Dahmnites and Gheirurus, however, the genal 
angles are borne on the fixed cheeks. 

Since the free cheeks are ventral in the earliest larval stages of all but the 
highest Trilobites, and as this is an adult feature among a number of genera, 
which on other grounds are very primitive, this is taken as generally indicative 
of a very low rank. The genera JIarpes, Agnostus , Cryptolithus and their allies 
agree in this respect, and constitute the Hypoparia. 

The remaining genera of Trilobites present two distinct types of head 
structure, dependent upon the extent and character of the free cheeks. In 
both, the free cheeks make up an esserftial part of the dorsal crust of the 
ccphalon, being continued on the ventral side only as a doublure or infolding 
of the edge, similar to that of the free edge of the cranidium, the ends of the 
thoracic pleura, and the margin of the pygidium. They may bo separated 
only by the cranidium, as in Ptychoparia; by the cranidium and separate 


a Ji a i) 



Fio. 

Ontogony of Mm hir'inf/c Dan*. (Oindhojuirvi) A, ProfnspiH. J3, Otvphalon of nopionlc individual. 0, Coplialrm of 
lator nupionic individual having night froo NOgmmits. A Copluikm of adult (from Beoclior, aftnr Bamuido). 

epistomal and rostral plate, as in Illaenus and Jlomalonotus ; or they may bo 
united and continuous in front, as in Aeglina and Dalmanites . One type of 
structure is distinguished by having the free cheeks include the genal angles, 
thus cutting off more or less of the pleura of the occipital segment. The 
genera belonging to this group constitute the second order — the Opisthoparia. 

The third and last type of structure includes forms in which the pleura of the 
occipital segment extend the full width of the base of the cephalon, embracing 
the genal angles. The free cheeks are therefore separated from the cranidium 
by sutures cutting the lateral margins of the cephalon in front' of the genal 
angles. Genera having this structure arc here placed in the order Proparia , . 
The characters still to bo noticed have chiefly family and generic values, 


A Ji C D 
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OnUigony of Dalmanillna w hvUiUh (Utirr.). (/Vu/wtrwt) J, LVolunpis. II, Unphulon of individual of tliroo froo 
HOgmcmtH. 0, Oophalon of one with novon froo BCginonlH. X), Oupualon of adult (from Boucher, after Barrande). 

and are of great assistance both in determining the place of a family in an 
order and the rank and genetic position of a genus in a family. 

There is very satisfactory evidence that the eyos have migrated from the 
ventral side, first forward toward the margin, and then backward over the 
cephalon to their adult position. The most primitive larvae should therefore 
VOL. i 2 z 
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present no evidence of eyes on the dorsal shield. Just^such conditions are 
fulfilled in the youngest larvae of Ptychoparia , Solenoplenra and Lioslrucus. 
The eye-line is present in the later larval and adolescent stages of these genera, 
and persists to the adult condition. In Sao it has been pushed forward to the 
earliest protaspis, and is also found in the two known larval stages of Triar- 
thrus . Sao retains the eye-line throughout life, but in Triarthrus the adult has 
no trace of it. A study of the genera of Trilobites shows that this is a very 
archaic feature, chiefly characteristic of Cambrian genera, and only appearing 
in the primitive genera of higher and later groups. It first develops in the 
later larval stages of certain genera ( Ptychoparia , etc.); next in the early larval 
stages (Sao) ; then disappears from the adult stages ( Triarthrus ) ; and finally 
is pushed out of the ontogeny ( Dalmanites ). 

In Ptychoparia , Solenoplenra , Liosfracns, Sao and Triarthrus, the eyes are 
first visible on the margin of the dorsal shield after the protaspis stages have 
been passed through, and later than the appearance of the oyo-linos ; but in 
Proetus, Acidaspis, Ceratarges and Dalmanites, through acceleration, they are 
present in all the protaspis stages, and persist to the mature or ophebic condi- 
tion, moving in from the margin to near the sides of the glabella. Progression 
in these characters may be expressed, and in so far taken for general applica- 
tion among adult forms to indicate rank, as follows: — (1) Absence of eyes; 
(2) eye-lines; (3) eye-lines and marginal eyes; (4) marginal eyes; (5) sub- 
marginal eyes ; (6) eyes near the pleura of the neck segment. 

The changes in the glabella are equally important and interesting. 
Throughout the larval stages the axis of the cranidium shows distinctly by 
the annulations that it is composed of five fused segments, indicating the 
presence of as many paired appendages on the ventral side. In its simplest 
and most primitive state it expands in front, joining and forming the anterior 
margin of the head (larval Ptychoparia and Sao). During later growth it 
becomes rounded in front, and terminates within the margin. In highor 
genera, through acceleration, it is rounded and well defined in front, even in 
the earliest larval stages, and often ends within the margin (larval Triarthrus 
and Acidaspis). From these few simple types of pentamerous glabollao, all 
the diverse forms among species of various genera have been derived, through 
changes affecting any or all of the lobes. The modifications usually consist in 
the progressive obsolescence of the anterior annulations, finally producing a 
smooth glabella, as in Illaenus and Niobe. The neck segment is the most per- 
sistent of all, and is rarely obscured. The third or mandibular segment is 
frequently marked by two entirely separate lateral lobes, as in Acidaspis, Qono- 
lichas, Chasmops, etc. Likewise, the fourth annulation carrying the first pair 
of maxillae is often similarly modified in the same genera, also in all the 
Proetidae, and in Cheirwus , Grotalocephalus, Sphaerexochus, Ampyx, llarpcs, etc. 
Here, again, among adult forms, the stages of progressive differentiation may 
be taken as indicating the relative rank of the genera. 

The comparative areal growth of the free cheeks is expressed by the 
gradual moving of the facial suture toward the axis. As the free cheeks 
become larger the fixed cheeks become smaller. In the most primitive pro- 
taspis stages, and in Agnostus, Hcvrpes and Cryptolithis, the dorsal surface of the 
cephalon is wholly occupied by the axis and' fixed cheeks, while in the higher 
genera the area of the fixed cheeks becomes reduced until, as in Stygina and 
Phillipsia, they form a mere border to the glabella. Therefore the ratio 
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between the fixed and free cheeks furnishes another moans of assisting in the 
determination of rank. 

The pleura from the segments of the glabella are occasionally visible, as 
in the young of Elliptoceplmla , but usually the pleura of the nock segments are 
the first and only ones to be distinguished on the cephalon, the others being 
so completely coalesced as to lose all traces of their individuality. The pleura 
of the pygidium appear soon after the earliest protaspis stage, and in some 
genera (Sao> Dalmanites) are even more strongly marked than in the adult 
state, and much resemble separate segments. The growth of the pygidium is 
very considerable through the protaspis stage. At first it is less than one- 
third the length of the dorsal shield, but by successive addition of segments it 
soon becomes nearly one-half as long. In some genera it is completed before 
the appearance of the free thoracic segments, all of which are added during the 
nepionic stages. An interpretation of these facts, to apply in valuing adult 
characters, would indicate that a very few segments, both in the thorax and 
pygidium, may be evidence of arrested development <?r suppression. On the 
other hand, the apparently unlimited multiplication of thoracic and especially of 
abdominal segments in some genera is also to bo considered as a primitive char- 
acter expressive of an annelidan style of growth. Genera like Asaphus , Phacops , 
etc., having a constant number of thoracic segments accompanied by other char- 
acters of a high order, undoubtedly represent the typical Trilobite structure. 

These analyses and correlations clearly show that there are characters 
appearing in the adults of higher and later genera, which successively make 
their appearance in the protaspis stage, sometimes to the exclusion or modifica- 
tion of structures present in the more primitive larvae. Thus the larvae of 
Dalmanites or ProHns , with their prominent eyes and glabella distinctly 
terminated and rounded in front, have characters which do not appear in the 
larval stages of ancient genera, but which may appear in their adult stages. 
Evidently such modifications have boon acquired by the action of the law of 
earlier inheritance or tachygcnesis, as it was called by Hyatt. 

Position in the Zoological System. — Since Trilobites have been made the sub- 
ject of special study, they have been commonly classed with the Crustacea, and 
placed near the Phyllopods by most observers. Quite a number of naturalists, 
however, still divorce the Trilobites and Limuloids from the Crustacea, and 
ally them with the Arachnids. Leaving aside the question of the homologies 
of Limuhis , it is a fact that Trilobites show the clearest evidence of primitive 
Crustacean affinities, in their protonauplius larval form, their hypostoma and 
motastoma, the five pairs of cephalic appendages, the slender jointed antennules, 
the biramous character of all the other limbs, and their original phyllopodiform 
structure. They differ from Lkrmlus , not only in most of these respects, but 
also in not having an operculum. From Limulus and all other Arthropods 
they are distinguished by having compound eyes on free cheek-pieces, which 
apparently represent the pleura of a head segment that is otherwise lost, 
except possibly in some forms of stalked eyes and in the cephalic neuromeres 
of later forms. The most recent discussions as to the affinities of Trilobites 
are to be found in the papers by Bernard, Kingsley, Woodward and Beecher, 
where, from the facts presented, the relationships of these animals with the 
Crustacea follow as a necessary corollary. 

As to the rank of the Trilobites in a classificatory scheme, there is also 
much diversity of opinion. They have been long rogarded as an order of 
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Crustaceans, but any attempt to include them in this way under higher groups, 
such as the Entomostraca, Malacostraca or Merostomata, results in such broad 
generalities and looseness of definition as to render these divisions of little 
value. The present state of knowledge of Trilobite structure and develop- 
ment is in favour of assigning them nothing short of the rank of a subclass. 

In nearly every particular, the Trilobite is very primitive, and closely 
agrees with a theoretical Crustacean ancestor. Its affinities are with the 
known subclasses of the group, especially their lower orders, but its position 
is not intermediate. The more primitive characters may bo summarised as 
follows : — (1) They are all free marine animals ; (2) they have a definite con- 
figuration ; (3) the larva is a protonauplius-like form ; (4) tho body and 
abdomen are richly segmented, and the number of segments is variable ; (5) 
the head is typically pentamerous ; (6) the thorax and abdomen are always 
distinct, the number of segments in each being variable ; (7) all segments 
except the anal bear paired appendages ; (8) all appendages except an tommies 
are biramous ; and (10) the coxal elements of all limbs form gnathobases, 
which become organs of manducation on the head. Walcott has recently 
discovered (1912) the appendages of the Cambrian trilobitic genus Nrolenus 
and those of other Crustaceans, which indicate that the Trilobite is a 
Crustacean intermediate in structural organisation between the Branchiopoda 
and the Merostomata. 

Glassification . — Barrande gives a complete r6sum6 of tho classifications 
applied to Trilobites down to 1850, and shows in a very satisfactory manner 
the weak points of each, furnishing strong reasons as to why they are un- 
natural and therefore untenable. The underlying principles of these early 
attempts at a classification are here briefly summarised. (1) The first classifi- 
cation of Trilobites was advanced by Brongniart in 1822, in which all tho 
forms previously known as Entomolithus paradoxus were shown to belong to five 
distinct genera. (2) Dalman, 1826, made two groups, based upon the presence 
or absence of eyes. (3) Quenstedt, 1837, recognised the number of thoracic 
segments and the structure of the eyes as of the greatest importance. (4) 
Milne Edwards, 1840, considered the power of enrollment as of prime value. 
(5) Goldfuss, 1843, established three groups depending on tho presenco or 
absence of eyes and their structure. (6) Burmeister, 1843, accepted tho two 
divisions of Milne Edwards, and laid stress on the nature of the pleura and tho 
size of the pygidium. (7) Emmrich’s first scheme, 1839, was founded on tho 
shape of the pleura, the presence or absence of eyes and their structure. (8) 
The later classification of the same author, published in 1844, depended on 
whether the abdomen was composed of fused or free segments, and the minor 
divisions were based ^chiefly on the structure of the eyes and tho facial suture. 
(9) Corda, 1847, placed all Trilobites in two groups, one having an entire 
pygidial margin, and the other with the pygidium lobed or denticulato. (10) 
M‘Coy, 1849, took the presence or absence of a facet on tho pleura for a 
divisional character. As this is an indication of • the relative power of enrol- 
ment, it does not differ materially from the schemes of Milne Edwards and 
Burmeister. Zittel, in a review brought down to 1885, includes in addition 
the schemes of (11) Barrande, 1850, and (12) Salter, 1864, and remarks that 
the basis of Barrande’s general grouping, namely, tho structure of the pleura, 
has neither a high physiological nor a morphological significance. Both 
Barrande and Salter recognise nearly the same families, with slight differences, 
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and the latter adopts a division into two lines, based on the number of body 
rings and size of the pygidium. These include and are themselves included 
in four groups, founded on the presence and form of the facial suture and the 
structure of the eyes. (13) Chapman, in 1889, proposed four suborders or 
primary groups based purely upon arbitrary features of general structure and 
configuration, especially the form of the glabella, whether wide, conical or 
enlarged. (14) Haeckel, in 1896, divided the Trilobitos into two orders 
based upon the presence or absence of a functional pygidium. 

The classification here followed is essentially that prepared by Beecher for 
the first edition of this treatise, but with some amplification and modification, 
mado possible by the recent work of ltood, Clarke, Jackel, Walcott and others. 
Beecher’s classification, although not universally accepted, has proved superior 
to any previously proposed, and forms the basis for most of the modern 
investigation of the group. 

Order 1. HYPOPARIA Beecher. 

Free ekeeJcs forming a continuous marginal ventral plate of the cephalon , and in 
some forms also extending over the dorsal side at the genal angles, future ventral , 
marginal or submarginal. Compound paired eyes absent ; simple eyes may occur on each 
fitted cheek, singly or in pairs. 

Even in the higher genera of this order, the suture is frequently unnoticed, but can 
bn Heim in all well-preserved specimens. In Cryptolitlms and JrLmpcs it follows the edge 
of the cephalon, and separates the dorsal from the ventral plate of the pitted brim. 
Since eye-spots occur on the fixed cheeks in the young of Co'yptolithus and adult 
1 Targes, it is probable that this character is a primitive one in the order, and has 
been lost in Agnostus, Eodisens, A mpyx and JHonide. 

The ontogeny of higher genera shows that the true eyes and free cheeks are first 
developed ventrally, appearing later at the marginal, and then on the dorsal side of 


a n a l) is 



Fig. ml. 

(Jojiluila ot //ffjMijHtria. A, Agtmlm. It, KodimiM. C, ITarim. D, CVj/ptahthm. IS, Ampyx (adc\r Booclinr). 

the cephalon. Therefore tlic Agnostidae, Cryptolithidae, and Ilarpedidae have, in 
tliis respect, a very primitive head structure, characteristic of the early larval forms 
of higher 'families. Other secondary features show that this order, though the most 
primitive in many respects, is more specialised than either of the others, except in 
their highest genera. The characters referred to are the glabella and pygidium. Tory 
few species show the primitive segmentation of the glabella, it being usually smooth 
and inflated and resembling in its specialisation such higher genera as ProUtus, 
Asaphus and Lichas. The pygidium often fails to indicate its true number of 
segments. Many species of Agnostus and Eodiscus show no segments either on the 
axial or pleural lobes of the pygidium. Cryptolithus and others may have a numerously 
an inflated axis and fewer grooves on the pleural portions. The number of appendages 
corresponds to the axial divisions. The multiplication of segments in the pygidium, 
and their consequent crowding, make them quite rudimentary. 
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Family 1. Agnostidae M‘Coy. 

Hyp op aria with head and abdomen shields similar; free checks not risible from the 
dorsal side. Thorax with two segments. Cambrian and Ordovician. 


Subfamily A. Condylopyginae Raymond. 


Agnostidae 



Pm. 13 5S. 

Pleui'octeniwm, 
granulatum (Barr.), 
Cambrian ; Skrey, 
Bohemia. 5/ x (after 
Barrande). 


with many-lobed shields , long glabella which elands toward the front, 
and long and broad axial lobe on pygidium. 

Gondylopyye Corda. Anterior lobe of glabella broad. Pygidium 
with three pairs of middle -lobes, and a broad end - lobe. Middle 
Cambrian; Europe and North America. 

Pleuroctenium Corda (Fig. 1358). Similar to Gondylopyye , but 
with anterior lobe of glabella flattened, and crossed by radiating 
grooves. Cambrian ; Europe. 

Diplagnostus Jaekel. Anterior middle-lobe divided. Axial lobe 
of pygidium pointed behind. Cambrian ; Europe. 

Peronopsis Corda. Anterior middle lobe of glabella simple, not 
wider than the part behind. Accessory lobes present at base of 
glabella. Middle Cambrian ; Europe and North America. 

Subfamily B. Arthrorachinae Raymond. 


Agnostidae with middle lobe of glabella short and simple; small accessory lobes 
present at base of glabella. 


Arthrorachis Corda. Ordovician ; Europe and North America. 
Hypagnostus Jaekel. Axial lobe of pygidium narrow, pointed behind. 


Subfamily 0. Agnostinae Jaekel. 


Agnostidae with both shields sculptured. Middle lobe of cepkalon long , narrowed 
toward the front. Accessory lobes always present. 


Agnostus Bronguiart (Figs. 1357, A; 1359). Surface 
smooth ; accessory lobes simple. Cambrian ; Europe and 
North America. 

Ptychagnostus Jaekel Surface wrinkled or otherwise 
ornamented. Accessory lobes double. Cambrian ; Europe 
and North America. 



Fill. 1355>. 


Subfamily D. Phalacrominae Corda. 


Agnostus pisi/nmets /I dun.). 
Cambrian ; Amlmrum, Hwodon. 
Oompluto Individual, aiul fm#- 
muni of liirmstono with dfttatilmd 


coplmlu and pyKidiu. 

Agnostidae with shields scarcely lobed. 

Lejopyge Corda. Middle lobe of cephalon and pygidium barely indicated* 
Ordovician; Europe. 


Phalacroma Oorda. Cephalon and pygidium without lobes. Cambrian and 
Ordovician ; Europe and North America. 


Family 2. Eodisci&ae Raymond. 

Hypoparia of small size; free cheeks not visible from the dorsal side; thorax of three 
segments; pygidium annulated. Cambrian. 
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Eodiscus Matthew (Microdisms Salter non Emmons) (Fig. 1357, B). Glabella short, 
occipital ring spined. Lower and Middle Cambrian ; Europe and North America. 

Goniodiscns Raymond. Glabella long, occipital ring obtusely pointed. Type, 
Microdiscus lohatns Hall. Lower Cambrian ; North America. 


Family 3. Shumardiidae Lake. • 

Hypoparia similar to the Agnostidae in me and- in structure of the cephalon , but 
with small , strongly segmented pygidium, and six segments in the thorax. 

Shnmardia Billings. Glabella prominent, expanding toward the front. Lower 
Ordovician ; Europe and North America. 


Family 4. Harpedidae Corda. 

JTypoparia with very large head shield and small pygidium. Free cheeks ventral , 
suture marginal. Thorax with numerous segments (seventeen to twenty -nine). Gephalon 
with broad pitted bnm. Ordovician to Devonian. 

The broad hippocrepian pitted brim of the Harpedidae has its counterpart in 
(Jryptolibhus and TJionide , although less well developed in those 
genera. The head is also relatively longer and larger, both 
features being decidedly larval. The functional visual spots or 
ocelli, situated on the fixed cheeks, are found only in this 
family and in Tretnspis and in the young of Gryptolithus. The 
great number of thoracic segments is another primitive 
character, and the cephalon is larger than the thorax and 
pygidium. 

ltarpes Goldfuss (Fig. 1357, 0). Hypostoma somewhat 
pentagonal, angular in outline. Silurian and Devonian ; 

Europe and North America. 

Eoharpes Raymond (Harpina Novak) (Fig. 1360). Hypostoma 
oval in outline. Ordovician ; Europe and North America. 

Family 5. Trinucleidae Emmrich (Gryptolithidac Angelin). 

Hypoparia with large cephalon and small pygidium. Free 
cheeks ventral, carrying the genal spines. Gephalon with a pitted 
brim. Thoracic segments few (fm or six). Ordovician, 

Gryptolithus Green ( Trinuclens Muroh. pars) (Figs. 1346, 1357, 
D; 1361). Central portion of cephalon divided by the dorsal 
furrows into three prominent portions. No ocelli in adult. 
Ordovician ; Europe and North America. 

Fro* 180T - Trinucleus Mutch, (rcstr.). Glabella obovate, with two pairs 

tbwtomiw ffW™*} of weak glabellar furrows. Bits on brim set in deep radiating 
D) ; WoHeia, Bohemia, furrows ; no ocelli or eyc-lmes. Ordovician ; Europe and North 
x ^ America. Type T. fmbriatus Muroh. 

Treiaspis M e Coy. Glabella spherical in front, conical behind, with two pairs of 
strong glabellar furrows ; ocelli and eye-lines present. Ordovician ; Europe and 
North America. 

JHonide Barrande. Similar to Gryptolithus, but with an irregularly pitted border 
and a large pygidium. Ordovician ; Europe. 




Fki. 1300. 


Moharpcx umjula (Stem- 
bnrtf). Ordovician ; 
Bohemia. Vi (after Bar- 
mntlo). 
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Family 6. Raphiophoridae Angelin. 

Hypoparia with large trilobed cephalon without brim, mu dll, wide pygalimi, and 
. * few thoracic segni cuts. Small free checks 

k fm visible on the dorsal surface. (* label la 

produced in front of the cephalon as a, spine. 
Ordovician and Silurian. 

1K§P // Raphiophoras Angelin. Glabella obo- 

([ \\ vate, with an abrupt apical spine. Five 

Fm. 1362 . if \\ thoracic segments. Kurope. 

Ampyx wumtus 11 1W , ' Amfiy* Dalmaii (Ki«* 1 ^7, A’ ; I Sfiii, 

(Dalman). Or- * * * . 1363). Glabella oval, terminating in a 

dovician, Pul- Avipyx portlovhi BruTanuft. ) . n 

kowa, Russia. Ordovician (Ftage D) , Loiskow, round spine. Six thoracic segments, 
xl/,. Bohemia. X Vl (after Barmnde) Eliro p e and IToil.ll 

Lanchodomas Angelin. Glabellar spine long and prismatic m section. Kurope and 
North America. 


Order 2. OPISTHOPARIA Beecher. 

Free cheeks generally separate , always bearing the gcnnl angles. Facial salnrc.s 
extending forward from the posterior part of the cephalon within the getutl angles, and 
cutting the anterior margin separately , or more rarely uniting in front of the glabella. 
Compound paired holochroal eyes on free cheeks , and well developed m all hat (he most 
primitive family . 

The families which are here placed under this order lend themselves quite, readily 
to an arrangement based upon the characters successively appearing in the. ontogeny of 
any of the higher forms. Thus Sao , Ptychoparia and other genera of the, Olenidae 


ABO 1) K 



Fia. 1304. 

Cophala of the Qpvstlioparia. A, A tops. B, Conoooryphe. C, Ptyehojmia. IK Ok huh. /<?. Asan/ms, 
F, lllacnus. G, Proetus. M, Goldins, Z, Lichcts. J, Aaiilwp'lH (after Bnwlt nr). 


have first a protaspis stage only comparable in the structure of the cephalon with the 
genera of the preceding order. Therefore this stage does not enter into consideration 
in an arrangement of the families of the Opisthoparia. In the later stages, however, 
there is a direct agreement of structure with the lower genera of Hub order. The 
nepionic Sao, with two thoracic segments (Fig. 1355, B), has a head structure agreeing 
in essential features with that iu Atops or Conoooryphe (Figs. 1364, A, B). A later 
nepionic stage, with eight thoracic segments (Fig. 1355, C) agrees closely with the 
adult Ptychoparia or Olenus (Fig. 1364, C, D). These facts clearly indicate that tjie 
family Oonocoryphidae should be put at the base of this extensive order. Moreover, 
as Ptychoparia and Olenus are more primitive and simpler genera than Sao, they, as 




subclass I TRILOBITA 713 

typifying the family Olenidao, govern its position, wliicli accordingly would be after 
the Conoooryphidae. 

Bi Hbrences in tlie position of the eyes, the relative size of the free and fixed chcfcks, 
and the degree of specialisation of the glabella have a definite order in the ontogeny of 
any Trilobite, and furnish characters of taxonomic value in arranging the families 
placed under the Opisthoparia (see Rig. 1 364). 


Family 1. Conoooryphidae Angelin. 

Opisthoparia with free, cheeks very narrow, forming the lateral margins of the 
cephalon, and hearing the geiutl spines. Eye-lines arc present , hut neither ocelli nor 
compound eyes. Thorax with from fourteen to seventeen segments, Pyguhum small. 
Cambrian. 


Tlie genera comprised under this family present a number of very primitive 
characters, such as are displayed only in the larval stages of higher forms. The free 
checks are narrow and marginal, and may be compared with those in the ncpionic 
stages of Sao and Ptychoparia . Eyes have not been detected, but the presence of an 
eye-line suggests their possible existence. The variations in the glabella are very 
marked, and are as great as those which in higher forms attain some importance as 
family characteristics. 

So far as known, all the larval forms in the other families of the Opisthoparia 
agree in having the narrow marginal free 
cheeks, hearing the genal angles. The 
eye-lme is present in most of the adult 
Olenidae, and in the early stages of all so 
far as known, so that the general average 
of characters in the Oonocoryphidae re- 
presents the main larval features through- 
out the other families. 

Conocoryphe Cord a (Figs. 136*4, 11 ; 

1365, 1366). The glabella is convex, 
tapering toward the front. Anterior 
border of cephalon marked by a broad 
and deep furrow. Cambrian ; Europe and 
North America. 

Ctenocephalus Corda. Similar to Conn* 
coryphe, but with a lobe in front of the 
glabella. Cambrian ; Europe and North 
America. 



Fia. 1305. 


Conocoryphe xulxeH Hchlotli. 
Without tlin AmoekonkH. Oum- 

Atops Emmons (Figs. 1364, A ; 1367). liohSmia.^/!? ° ’ am(,1,S5 ’ 
Glabella long, and does not taper. Thorax 
of seventeen segments. Pygidium small. 


Fro. 1307. 

Cnpluilmi oM/o/w 
trilinmlnn Urn- 
moriH. 


Lower Cambrian ; North America. 


Family % Mesonacidae Walcott ( Olenellidae Moberg). 

Opisthoparia with large cephalon and small, simple pygidium. Facial sutures in 
a state of symphysis and usually not to he distinguished. Eyes large, the palpebral lobes 
extending to the glabella. Glabella narrow , sometimes tapering toward the front. 
Thorax of numerous segments {thirteen to twenty-seven). Lower Cambrian. 

This family is considered by Walcott to have developed in pro-Cambrian time from some 
annelid-like ancestor by the gradual combination of segments to form the cephalon and 
pygidium. A compact, strong pygidium, made tip of many segments, does not occur in. this 
family, nor among any of the simplest forms of Lower Cambrian Trilobites. The Middle 
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Fin. 130S. 


Cambrian Paradoxides is thought to have been descended from Callama , through Uolmia 
and JVcmnerici. 

Mesonacis Walcott. Thorax long and tapering, the third segment enlarged, and 
the pleura extended as long spines. The fifteenth segment has a large spine on the 

axial lobe. Ten segments behind the great spine. 
Europe and North America. 

Elliptocephala Emmons. Like Most mads, but 
without the enlarged tliinl segment, and with long 
spines on the axial lobes of the last live segments. 
1 1 1 Eastern North America. E. asapJ widen Emmons. 

Paedeumias Walcott. Like Mesonacis, but 
with rudimentary thoracic segments and pygidium 
m posterior to the fifteenth segment. North America. 
1 Olenellus Hall. Like Mesonacis, but without 
' segments back of the fifteenth, the great spine of 
which is usually considered as a pygidium. 
Europe and North America. 

Olenelloides Peach. Adult is essentially like a 
; larval form of Olenellus , as indicated by the large 

cephalon and narrow thorax. Europe. 

Holmia Matthew (Fig. 136*8). Thorax with 
sixteen segments, the pleura of which cud in 
rounded spines. Europe and America. 

T - , . Wanneria Walcott. Similar to Uolmia , but 

Ringsaker, Norway. Left half of glabella With broader SpillOR Oil tile pleurtt Ol the tllOlVKUC 
(a P fbe°r V Holmr SiTlg hypostoma b(meath * % segments, and with a spine on the fifteenth seg- 
ment. North America. 

Gallavia Matthew. Similar to Uolmia , but. 
with narrower glabella, and broader spines on the 
pleura of the thoracic segments. Europe and 
North America. 

Peachella Walcott. Cephalon with blunt, tumid 
genal spines ; elongate, narrow glabella ; small (‘.yes 
and marked convexity. Eastern Nevada. 

Family 3. Paradoxidae Emmrich. 

Opisthoparia with large cephalon, small free checks, 
long narrow eyes , the palpebral lobes not reaching 
the glabella in the adult, Umax long, with numer- 
ous segments (seventeen to twenty- 
three). Pygidium small and 
simple. Cambrian. 

Paradoxides Brongniart (Figs. 

1369, 1370). Glabella enlarging 
toward the front. Middle Cam- 
brian ; Europe, Eastern North 
America and Australia. 




Fio. 1809. 

Pcmutowides hohemicus Barr. Cam- 
brian (Stage C) ; Ginetz, Bohemia. i/ 2 . 


Family 4. Olenidae Burmeistor. 

Opisthoparia with short and 
wide cephalon , small pygidium, 


Fio. 1870. 

ParadoxldpK (of. 
young of J\ inflate h 
Cord a) « Hydro- 
nepludwt Murtin* Barr. 
Cambrian ; Bohemia. 
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small free cheeks , and narrow .glabella. Eye-lines present, eyes small. Thorax of from 
twelve to twenty-two segments. Cambrian and Ordovician. 


Olenus Dalman (Figs. 1364, I) ; 1 37 J). Glabella only moderately convex, rounded 
in front. Upper Cambrian and Ordovician ; Europe. 

Eimjcare Angelin (Fig. 1372). Ceplialon very abort and wide, eyes far apart. 
Qenal spines long and incurved. Cambrian ; Europe. 



Via. 1371. Fiq. 1372. Fid. 1373. 

Olninsti'unmlux Briinn. Envy retro hr a Hound a Antf. *S7ti> lurmtg, (Barr) 

Oambnaii ; Andrarum, Cambrian , Andvarum, Hwodun Cambrian (fltuge C) ; 
Swollen (after Angelin). (after Angelin). Hkroy, Bohemia. 


A iil«ro)rini,ml\ oinncki 
Barr. Silurian (Etago 
D); Kucholborg, near 
Pi ague. Bohemia 


Peltnra Milne Edwards. Glabella wide, extending nearly to the front of the 
cepbalon. Eyes small, close to the front of tile glabella. Pygidium small, with short 
spines. Upper Cambrian ; Europe and North America. 

Ptychoparia Corda (Figs. 1348, 1364, G). Glabella convex and narrow, short, 
furrowed. Pygidium large. Cambrian ; Europe, Asia and North America. 

Sao Barrande (Figs. 1349, 1354, 1355, 1373). 

Glabella strongly convex. Thorax of seventeen seg- 
ments. Pygidium very small. Surface granulose. 

Cambrian ; Bohemia. 

Euloma Angelin. Glabella convex, short, with 
prominent side lobes, similar to those of Calymene. 

Pygidium short and wide. Ordovician ; Europe. 

Aulacopleura Corda (Arethusina Barrande) (Fig. 

1374) . Glabella short, small, with basal lobes. Thorax 
of twenty -two segments. Pygidium small. Silurian ; 

Bohemia. 

Triarthrus Green (Figs. 1342, 1344-1345, 1350, 

1375) . Lacks eye-lines. Glabella low and broad. The 
facial sutures cut the genal angles. This genus is note- 
worthy on account of the wealth of information that lias 
been gained concerning the appendages, antennae and 
other parts in wonderfully preserved remains. Ordovi- 
cian ; Europe and America. 

Datlvynotus Hall. Eyes long and narrow. Axial 
lobe wide. Thorax of thirteen segments. Lower Cam- 
brian ; America. 

Triarthrun hreki Growl. Ordo- 
vician; Romo, Now York. Specimen 
Family 5. Solenopleuridae Angelin. lowing antonnao and iog«. »/ 3 

J ° (alter JJoeohor). 

Opislhoparia with free cheeks small and widely 
separated in front , glabella short, convex, tapering toward the front, (eyes small. 
Pygidium short, of few segmmts. Cambrian and Ordovician. 
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Solenopleura Angelin. Eye-lines present, Cambrian ; Europe, Asia, and North 
America. 

ffystricurus Raymond. Eye-lmes absent. Ordovician ; North Ameri<*a. 




Fig. 1377. 

Neu terms serratit* (Romingor). Burgess shale (Middle Oam- 
bnan) ; British Columbia. Group of thoracic and abdominal 
legs, showing basal joint or coxopodite, and six-jointed leg 
with tliree terminal claws, x Vi (after Walcott\ 


Family 6. Oryctocephalidae 
Beecher. 

Oyisthoparia with large cephalon 
and smaller pygidimi, palpebral lobes 
long and connected with the glabella. 
Pygidium of six to vine segments, 
which end in serines, Cambrian. 

OryctoctyhaluH Walcott. Glabellar 
furrows represented by deep pits which 
are connected across the top of the 
glabella by shallow furrows. Middle 
Cambrian ; North America and Asia. 

Zacanthoides Walcott. Glabellar 
furrows not deep, intergenul spines 
present,- thorax spinose. Middle 
Cambrian ; North America. 

Olenoides Meek. Pygidium larger 
and with shorter spines, and eyes 
smaller than in Zacanthoides. Cam- 
brian ; America. 

Neolenu8 Matthew (Figs. 1343, 
1376, 1377). Like Olenoides , but 
the furrow on each pletiron of the 
thorax is diagonal instead of being 
straight. Cambrian ; America. 
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Family 7. Ceratopygidae Raymond. 

Opisthoparia with sub-equal cephalon and pygidium, long , nearly smooth glabella. 
Pygidinm with long spines at the sides. Cambrian and Ordovician. 

Ceratopyge Corda. Glabella long, narrow, with basal lobes. Pygidinm with long 
spines springing from the pleural lobes at tlie second annulation. Basal Ordovician ; 
Europe and North America. 

Albcrtella Walcott (Fig. 1378). Eyes long, glabella with 
three pairs of furrows. Pleura of third segment of thorax 
extended into spines. Cambrian ; North America and Asia. 


Family 8. Ellipsoce- 
phalidae Matthew. 

Opisthoparia with 
narrow free cheehs , small 
eyes , smooth , nnfnrrawed 
glabella , twelve to sixteen 
thoracic segments , and small 
pygidinm . Cambrian. 

Ellipsoccphalus Zenker 
(Fig. 1379). Dorsal fur- 
rows of tin*, ccphalon deep, 
cheeks are very narrow. 

Cephalon with a narrow, 
raised border. Cambrian ; 

Europe and North 
America. 

Agranlos Corda. 

Glaholla faintly outlined, 
cephalon without concave 
or rimmed border. Cam- 
brian; Europe and 
America. 

Htrennclla Matthew. Similar to Agraulos , but with a narrow 
cephalon. Lower Cambrian ; America. 


Fro. 1370. 

KlUpm'nihahis hnjfi 
Noli loth. Cambrian 
(lOtotfo C) ; Gmottf, 
Bohemia. 



b'LO. 1378. 

AVmUiUt helnim Walcott Lowor Cambrian ; 
Powell County, Montana (alter Walcott). 


Fig. 1880. 

Cayhyra radiant* 
Ipirr. Ordovician 
(FtagoD); Ivonignhof, 
Bohemia, i/i (after 
Barranrlo). 

rim around the 


Family 9. Remopleuridae Corda. 

Opisthopana with large , faintly furrowed glabella , which has a tongue-like anterior 
projection. Eyes very large , extending nearly around the glabella. Thorax of eleven to 
thirteen segments. Fygidium small. Ordovician. 

liemoplenrides Portlock. Pygidium wider than long, with two pairs of short 
spines. Ordovician ; Europe and America. 

Caphyra Barrando (Fig. 1380). Pygidium long and flat. Genal spines and 
pleura of thorax flattened. Ordovician ; Europe and North America. 


Family 10. Batliyuridae Walcott. 

Opisthoparia with cephalon and pygidium usually nearly equal in size. Glabella 
long , cylindrical , reaching nearly to the anterior margin. Eyes large and close to the 
glabella. Thorax of nine segments. Pygidium more or less strongly ribbed. Middle 
Cambrian to Ordovician. 
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Bathyurus Billings (Fig. 1381). 



Fig. 1381. 


Glabellar furrows faint or absent. Pygidium 
with, four pairs of smooth ribs, and a long, pro- 
minent axial lobe. Ordovician ; North America, 
including Boekmantown bods of Newfoundland. 

Petigurus Raymond. Oephalon like Bath- 
yurus. Pygidium with nodose ribs and strongly 
annul ated axial lobe. Ordovician ; Canada and 
Ireland. 

Bathyuriscus Meek. Glabellar furrows 
deeper, eyes further forward, and pygidium 
larger than in Bathyaras. Middles Cambrian; 
North America and Asia. 

Bathyurellus Billings. Glabella low, smooth, 
pointed in front. Oephalon and pygidium 
with broad concave borders. Ordovician ; North 
America. 

Family 11. Asaphidae Burmoister. 

Opisthopana with large, sab -equal head and 
abdomen shields , prominent eyes, eiyhl segments in 


Rathyunu lonqvqrinnn Waicotu. Black River the thorax , and with a median vertical snlnre in 
ttnd) n>; NeWPOrt ’ KY * * Vl (aft6r the doublure of the oephalon. Middle Cambrian 

to Ordovician, 


Facial suture 


Subfamily A. Ooygiooarinab Raymond. 

Asaphidae with hypostoma, rounded or pointed behind. 

Ogygiocaris Angelin ( Ogygia anct. non Brong.) (Fig. 1331)). 
furrowed ribs. Axial lobe very narrow, 
marginal in front of 
glabella. Ordovician ; 

Europe. 

Ogygopsis Wal- 
cott (Fig. 1382). 

Similar to Ogygio- 
caris, , but with eye- 
lines, and eyes small 
and far apart Middle 
Cambrian ; British 
Columbia. 

Megalaspis Ange- 
lin (Fig, 1383). 

Glabella short, 
cephalon and pygi- 
dium nearly smooth 
and sometimes 
pointed. The facial 
sutures meet in a 
point far forward of 
the glabella. Ordovi- 
cian; Europe, Asia, 
and rarely North 
America. 


Pygidium with ilat, 



Fig. 1882. 

£ ommis khtn (Rominger). Middle Oam- 
bmn; Mount Stephen, British Columbia. 
Vi (after Walcott). 


, , ....... exlmuaia Arig 

ylcian ; kant Ootland, 

Vi (after Angelin). 
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Asaphdlns Callaway. Similar to Megalaspis , but with longer and Hatter glabella, 
and shorter shields. Tremadoc; Europe. Lower Ordovician ; North America. 

Uemigyraspis Raymond. Similar to Asaphellns , but with facial suture marginal 
in front, Tremadoc ; Europe. Lower Ordovician ; North America. 

Symphysnrus Goldfuss. Cephalon and pygidium short, sub-liemispherical, without 
concave border. Axial lobe narrow. Lower Ordovician ; Europe and America. 

Nileus Dal man. Similar to Symphysurus, but with broad axial lobe and very 
large eyes. Ordovician ; Europe and North America. 

Subfamily B. Asaphinae Raymond. 

Asaphidae with hypostoma bifurcated. 

Asaphns Brongniart (Figs. 1364, E ; 1384). Cephalon and pygidium short and 



Flu. 1884. 

Amphufi cvpansiut (Lmn.). Ordovician ; Pulkowa, noar St. Peter.slmrg, lltinsia. Vi (after Saltor). 


wide, glabella prominent, expanding forward, and reaching 
the anterior margin, which is without concave border. 
Axial lobe of pygidium ringed', pleural lobes smooth. 
Ordovician ; Europe and Asia. 

Onchometopns Schmidt. Similar to Asaphus , but the 
glabella only obscurely defined, axial lobe rather wide, and 
pygidium smooth. Ordovician; Europe and North America. 

Basilicns Salter. Pygidium strongly ribbed, glabella 
convex, prominent, facial suture marginal in front. Ordo- 
vician ; Europe and North America. 

Oyygites Tromelin and Lebesconte (Ogygia Brongniart) 
(Fig. 1385). Similar to Basilicus, but glabella less pro- 
minent, and sutures meeting in a point in front of glabella. 
Ordovician ; Europe and North America. 

Ptychopyge Angelin. Glabella short, facial sutures well 
inside the margin, pygidium not ribbed, concave borders 
wide, and doublure very broad. Ordovician ; Europe. 

Isotelns Dckay. Cephalon and pygidium smooth, with 
wide depressed borders. Axial lobe of thorax wide. Ordo- 
vician ; rare in Europe, abundant in North America. 

Family 12. Illaenidae Oorda. 

Opisthoparia with large , convex cephalic and abdominal 
shields which are nearly smooth and without concave border. 
Bpistomal plate large , hypostoma convex , ovoid. Thorax of 
eight to ten segments , with smooth pleura. Pygidium smooth , 
with short axial lobe. Ordovician and Silurian. 

Illaenus Dalman (Figs. ,1364, F ; 1386). Axial lobe 



Fm. 1885. 

Ogugilvs guettardi (Prong.). 
Ordovician ; Angers, Franco. 
Mechanically deformed indi- 
vidual (after Brongniart). 
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about one-tbird tbe total width. Ordovician and Silurian ; Hu rope, Asia and Nortli 
America. 

., » " •' 




Fro 188(3. 

A, lllncnus dalmani Volb. Ordovician , PulKowa, near 
St. Petersburg, Russia. T>, U, I. r.rtmicawUi Dulinau. 
Oi’dovician ; Ualokarlien, Sweden (after Holm). 

Bumastus Murchison. Axial lobe very wide; cephalon 
and pygidium smooth. Ordovician and Silurian ; Europe 


and North America. 

Thaleops Conrad, 
small and elevated. 
America. 



Glabella rather well defined ; eyes 
Ordovician and Silurian ; North 


Fni. Uis7. 

I) Ur loco ii h at u a w i u nmitenm h 
Owen. Upper (Jam brum ; Wiscon- 
Hin. A, Ommdmm. Jl, Pygidium 
(idler Hall). 


Family 13. Dikelocephalidae Miller. 

Opisthoparia with large cephalon and pygidium , glabella marked by faint furrows 
which extend across it. Eyes large. Pygidium with short axial hie, and usually a 
pair of flat spines. Upper Cambrian and Lower Ordovician. 

DiJcclocephalus Owen (Fig 1387). Spines on pygidium far apart, short and 
broad. Complete specimens are known of D. lodenm and I). erassimarginalus. 
Upper Cambrian ; North America. 

Dikelocephalina Brogger. Spines close together at the- posterior end of pygidium. 
Lower Ordovician ; Europe. K 


Family 14. G-oldiidae Raymond (7 . konteidae Angelin 1 ). 

Opisthoparia with eyes close to the glabella and to the posterior margin of the 
cephalon. Glabella much expanded toward the front. Thorax with ten segments. 
Pygidium larger than the cephalon , with short axial lobe. Ordovician to Devonian. 

Goldius de Koninek {Brontes Goldfuss) (Figs. 1340, 1364, 7/; 1388). Pygidium 

with radiating ribs extending from the end 
of the axial lobe to the margin. Ordovician 
to Devonian ; Europe and America. 

Thysanopdtis Oorda, Like Goldius , but 
with small spines along the posterior margin 
of the pygidium. Devonian; Europe and 
North America, 

Brontcopsis Nicholson and Etheridge. 
Cephalon . like Qoldius , pygidium with 
longer axial lobe, behind which is a longi- 
tudinal ridge. The ribs on the pleural lobes do not radiate from a centre as in 
Goldius , and they die out before reaching the margin. Ordovician ; Europe. 

1 The family name “ Bronteidae ” cannot be retained, as de ‘Konmck’s term Goldim lias 
priority over Bronteus Goldfuss, a terra which was substituted for Brontes of the same author on 
finding that the latter appellation was preoccupied. 
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Family 15. Proetidae Gorda. 

Small Opisthoparia with cephalon and pygidium nearly equal , free cheeks large , eyes 
long , and close to the glabella. Thorax with eight to ten. segments. Ordovician to 
Permian. ^ 

Proetus Steininger (Figs. 1351, 1364, Q ; 1389). Glabella without deep lateral 
furrows. Pygidium smaller than cephalon. 

Ordovician to Carboniferous ; Europe, 

Asia and America. 

Gyphaspis Burmeister. Similar to 
Proetus , but with a strongly elevated 
ridge which surrounds the glabella out- 
side the dorsal furrows. Glabella with 
prominent basal lobes. Ordovician to 
Devonian * Europe and America. 

Haploconns Raymond. Similar to 
Gyphaspis , but without the basal lobes on 
the glabella. Type, Bathyurus smith i 
Billings. Ordovician ; North America. 

Phillipsia Portlock (Fig. 1390). 

Similar to Proetus, but with large pygi- 
dium, and basal lobes on glabella. This 
genus survived all other trilobites, but 
became extinct with the close of the Permian. Carboniferous and Permian ; 
Europe and America. 

Family 16. Aeglinidae Pictet. 

Opisthoparia with large glabella and, eyes which occwpy nearly the whole area of the 
free cheeks. 

This genus has the glabella strongly convex, 
prominent, smooth ; fixed cheeks suppressed ; 
eyes very large ; thoracic segments five or six ; 
pleura grooved ; pygidium large, with short axis. 
Ordovician ; . Europe. 

Family 17. Lichadidae Corda. 

Opisthoparia with large cephalon and pygi- 
dium, the glabella greatly modified by the peculiar 
development of the lateral furrows. Thorax with 
nine or ten segments. Pygidium with short 
axial lobe, and the pleural lobes modified m 
various ways. Ordovician to Devonian. 

Lichas Dalman (Figs. 1364, I ; 1392). 
The glabella is broad, with axial furrows which 
do not reach the neck furrow. Occipital lobes are present Pygidium flat, with 
the pleural lobes divided by furrows into two pairs of lobes with short free ends, and 
a median flattened lobe* Ordovician and Silurian ; Europe and America. 

Amphilichas Raymond (Platymetopus Schmidt). Glabella large, divided longi- 
tudinally into three lobes by a pair of axial furrows which join the neck ring. 
Ordovician ; Europe and America. 

Gorydocephalus Corda (Figs. 1338, A ; 1 393). Glabella with three pairs of side lobes, 
VOL. I 3 A 


Aeglina Barrande (Fig. 1391). 
A n (J 



Fm. 131)1 

Abilina jtrvm Barr. Ordovician (Etage D) ; 
Vosek, Bohemia. A, Nat. si/e. B, 0, enlarged 
(after Barrande). 



Fia. 138P. 


Pt'Mtvx hohemmut Corda. 
liman (Et. E) ; Konieprus, 
□henna (after Banande). 



Flo. 1300. 

PKillipwi (jemmlifem 
Phill. Lower Carboni- 
ferous ; Kildare, Ire- 
land. 
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tlie central lobe narrow. 



Fig. 1392. 

Lichas ladmatus Walilb. 
Silurian ; Sweden (after 
Angelin). 



Fig. 1398. 

Gorydocephulus ptyonums 
Hall and Clarice. Silurian ; 
New York. 



Pygidium small, tlie pleural lobes crossed by two narrow. 

prominent ribs wliieli end in spines. 
Ordovician and Silurian ; Europe 
and Nor tli America. 

i JToplolichas Dames (Fig. 1394). 
Ceplialon trilohed, the central lobe 
produced in front, and not depressed 
at the back as in Gouoliclias. Occipital 




Fig. 1395. 


Ceratarges armatns 
(Goldfuss). Devonian ; 
Germany (after Beyrich). 



lobes present. Ordovician to De- 
vonian ; Europe. 

Geratarges Gtirich (Fig. 1395). 
Glabella with two curved spines in 
front, and pygidium with numerous 
spines. Devonian ; Europe. 

Geratolichas Hall and Clarke 
(Fig. 1396). Cephalon with two 
pairs of long, curved spines on the 
axial portion. Devonian ; North 
America. 

Terataspis Hall. Glabella bulbous, 
strongly pustuloses. Devonian; North 
America. 

Family 18. Odontopleuridae 


Fiu. 1396. 


Burmeister. 


Hoplohchas scTimidti Dames. 
Ordovician ; Germany (after 
Dames). 


Ceratolidias grypa Hall 
and Clarke. Dovoman ; New 
York (after Hall and Clarke). 


Opistkoparia with large free 
cheelcs , small eyes. Thorax of eight to ‘ 


twelve segments. Pygidium small. All parts of the crust are usually very spinose. 


Ordovician to Devonian. 

In this family, as well as in the Lichadidae, is to 
be found the highest expression of differentiation and 
specialisation among the Opisthoparia. The primitive 
pentamerons lobation of the axis of the cranidium is 
entirely obscured, and is only clearly seen in the pro- 
taspis and early nepiomc stages. These two families 
are very closely related, the chief differences being 
noted in the size and character of the pygidium, and 
the ribbed or grooved pleura. The Lichades are 
generally much larger and flatter, hut the smaller and 
spinose forms of' Geratarges and Ceratolichas approach 
quite near some of the Acidaspidae. 

Odontopleura Emmrich. Occipital ring smooth or 
with a median tubercle. Ordovician and Silurian; 
Europe and America. 

Ascidaspis -Murchison (Figs. 1352, 1364, J). 
Occipital ring with a single median spine. Ordovician 
and Silurian ; Europe and America. 



Kio. 1397. 


Geratocephala Warder (Fig. 1397). Occipital ring Ceratocephcda dnfrmoyl (Barr.). Sii- 
with two long, nearly straight, divergent spines. £rjan W? Ivan> 
Ordovician and Silurian ; Europe and North America. a r n 


Licranurus Conrad. Occipital ring with two long spirally recurved spines 
Devonian ; Europe and North America. 
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Ancryopyge Clarke. Margin of pygidium with twelve very long, slender, curved 
spines. Devonian ; North America. 

Selenopeltis Corda. Thorax with very long spines extending from the pleura ; 
pygidium aspinose. Ordovician ; Europe. 

Glaphurus Raymond. Thorax witli twelve segments. Pygidium very small and 
aspinose. Ordovician ; North America. 

Order 3. PROP ARIA Beecher, 

Free cheelcs not bearing the genal angles. Facial sutures extending from the lateral 
margins of the cephalon in front of the genal angles , inward and forward, cutting the 
anterior margin separately, or uniting %n front of the glabella . Compound paired eyes 
scarcely developed or sometimes absent in the most primitive family ; well developed and 
schiaochroal in the highest family. 

This is the only order of Trilobites which apparently begins during the known 
Paleozoic, and unlike the other orders, had no pre-Cambrian existence. The earliest 


A b c D E 



F G II I j 



Fig. 1808. 

Cnphala of the Proparia. A . Plaaoparia. B, EncHnnms. C, Calymme. D , Diplema. E, Cheiruriifi. 
F, Dal inamtina. (}, Dahmniti's. II, Chtumiaph. 1, Phaooptdella. J, Phmuqn (after Beechor). 


forms of Proparia were initiated at the close of the Cambrian and dawn of the 
Ordovician. The greatest generic differentiation of the group was early attained ; 
luring the Silurian and Devonian a rapid decline ensued, and only one or two 
genera survived into the beginning of the Carboniferous. 

Among the Opisthoparia, it seems clear that the Conocoryphidao formed the 
natural base or most primitive family in the order, and is distinguished by the 
narrow marginal free cheeks and absence of well-developed eyes. It is of great 
interest and importance to be able to note that under the Proparia there is a similar 
primitive family having characters in common with the other, but still clearly 
belonging to the higher order. Placoparia , Areia and Dindymene constitute a group 
of apparently blind Trilobites with narrow marginal free cheeks, and present in 
general the appearance of Atops, Conocoryphe , Ctenocephalus, and other members of the 
Oonocoryphidae. 

Family 1. Encrinuridae Angelin. 

Proparia with narrow free cheeks ; either blind, or with small eyes. Pygidium 
composed of many segments, the pleural ribs usually less in number than the rings on the 
axial lobe, and usually ending in spines. Ordovician and Silurian. 

Encnnurus Emxnrich ( Oromus Barrande) (Figs. 1338, B , 0 ; 1398, B ; 1399, 1400). 
Cephalon tuberculated, glabella prominent, free cheeks separated in front by a small 
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epistomal plate ; eyes small, elevated on conical prominences ; thoracic segments 

eleven : pygidium elongate, triangular. Ordo- 
vician and Silurian ; Europe, Asia, and America. 

Cybele LovcSn. Similar to Encrinnrus, but 
with the ribs of the pygidium turning back 
sharply, parallel to the axis. Ordovician and 
Silurian ; Europe and America. 




Fig. lsno. 


EnmnunLS punc- 
tatua Emmrich. Sil- 
urian; Gotland. 


Fig. 1400. 

Encnnurus bohmicus 
(Barrande). Silurian 
(JEtage E) ; Lochkow, 
Bohemia. 


Family 2. Calymenidae Milne Edwards. 

Prop aria with thirteen segments, the hypo- 
stoma notched behind , and attached to an epistomal plate . Free cheeks narrow, the 
facial sutures cutting the 
margin almost exactly •.[in 
the genal angles. Ordovician 
to Devonian. 



Fia. 1401. , 

Cailymenc vMcki FoorHte. 
Ordovician ; Cincinnati, Ohio. 

x Vi- 


Calymene Brongniart 
(Figs. 1398, G ; 1401). 

Glabella prominent, strongly 
lobed, with two or three 
pairs of lateral furrows. 

Ordovician to Devonian ; 

Europe, Asia and America. 

Pharostoma Corda. 

Glabella prominent, very narrow at the front, with 
two pairs of glabellar furrows. Long genal spines 
present. Ordovician; Europe. 

1 lomalonotus Koenig. Axial lobe wide, cephalon 
short and trilobate in front, cheeks forming high 
mounds crowned by the eyes: Silurian; Europe 
and Nova Scotia. 

Trimerus Green (Fig. 1402), Cephalon longer 
than in the preceding, not trilobate in front, free 
cheeks narrow. Silurian and Devonian ; world-wide 
distribution. 

Lipleura Green (Fig. 1 3 9 8, D). Axial lobe wide. 
Pygidium smooth. Devonian ; Europe and America. 

Family 3. Cheiruridae Salter. 



Fig, 1402 , 

Trimrus dtilphinonejihahm Gromt. 
Silurian ; Loekport, Naw York. 


Proparia with small free cheeks, whose anterior ends 
are separated by the glabella . Pygidium small with 
pleura ending in spines. Thorax with nine to eighteen segments. Ordovician to Devonian. 


Subfamily A, Cheirurinae Raymond. 

Ghdruridae with eleven segments in the thorax {rarely nine to thirteen), and four 
segments in the pygidium. 

CJheirurus Beyrich (Figs. 1398, E ; 1403). Glabella smooth, more than one-third 
the total width of the cephalon ; pygidium with six or seven sub-equal spines. 
Ordovician and Silurian ; Europe, Australia and America. 

Oeraurus Green (Fig. 1341). Glabella pustulose, one-third or less the total* width 
of the cephalon ; pygidium very small, with the first pair of spines very long, the 
others short or absent. Ordovidian ; Europe, Asia, and America. 
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Crotalocephalus Salter, Similar to Ch drums hut with furrows extending all 
across the glabella. Silurian and Devonian ; Europe. 

tiphaerexochus Beyrich. (Fig. 1404). Glabella globular, cheeks small, Ordovician 




Fig. U(M. 


Sj)liae>rxt>i:1m8 mini ,s 
Bwyrich. Silurian; 
Listieo, Bohemia. x ! /i 
(alter Barramlo). 


and Silurian ; Europe and America. 

Pseudosphacrexochus Schmidt. 
Glabella tumid, tapering forward. 
Pygidium with subequal Bpines. 
Ordovician ; Europe and America. 

Nieszkowskia Schmidt. Glabella 
tumid or prolonged into a spine 
behind. Pygidium with two pairs of 
spines. Ordovician ; Europe and 
America. 



Fig. 1405 . 


Cephalon of I'liomera Jlflche-ri 
(Eichwaltl). Ordovician ; Pulkowa, 
Russia. 


Subfamily B. Pliomerinae Raymond. 

Qhciruridae with fifteen to nineteen segments in the thorax ; pygidium hemispheric , 
with five flat segments. 

Pliomera Angelin (Amphion Pander) (Fig. 1405). Glabella expanding forward, 
with two small median lobes on the front. Border of the cephalon denticulate. 
Ordovician; Europe. 

PUomerops Raymond. Similar to Pliomera , hut the glabella has parallel sides, 
and lacks the two small lobes at the front. Ordovician ; Europe and America. 

Placoparia Corda (Fig. 1398, A). Free cheeks are narrow; eyes absent, 
Ordovician ; Europe. 

Subfamily 0. Deiphoninae Raymond. 

Gheiruridae with a part of the glabella bulbous . 

Deiphon Barrande. (Fig. 1406). Glabella globular, 
without lateral furrows. Free cheeks minute. Silurian ; 
Europe and North America. 

Staurocephalus Barrande. Glabella with two pairs 
of glabellar lobes behind the bulbous portion. Cephalon 
with a denticulate border, and pygidium similar to that 
of Pliomera. Silurian ; Europe and North America. 

’ Sphaerocoryphe Angelin. Glabella with one pair of 
lobes behind the bulbous portion. Ordovician and 
Silurian ; Europe and North America. 

Fig. 1406. 

, Deiphon forb&ti Barr. Silurian ' 

(Efcage E) ; si. iwan, Bohemia Family 4. Ph.acopid.ae Corda. 

(after Barrande). 

Proparia with rather large free cheeks, eyes large , 
with large facets, schizochroal. Thorax with eleven segments, Ordovician to Devonian, 
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Subfamily A. Dalmanitinae Reed. 

Phacopidae with more or less modified pentamerous segmentation of the glabella , and 

usually with large cranidia and pygidia . 

Dalmanitina Reed (Figs. 1353; 1356; 
1398, F; 1407). Pentamerism of head well 
marked, lobes of glabella distinct ; geual angles 
rounded or with short spines. Pygidium 
with few segments, rarely more than ten. 
Ordovician and 
Silurian ; Europe. 

Dalmanites Bar- 
rage (Figs. 1337 ; 

1398, G; 1408). 

Frontal lobe of gla- 
Fia. 1407. liclla detached. Pygi- 

Dalmanitma socialis (Barr.). Ordovician (Elago j. _ . 

D); Wesola, near Prague, Bohemia. Cophalon, i/x. Stiongly ltlUU 0- 

nate, with twelve to 
sixteen segments. Silurian and Devonian ; Europe and 
America. 

Aster opyge Corda ( Oryphaeus Green). Pygidium with five 
pairs of marginal spines, and sometimes a terminal spine. 

Devonian ; Europe and America. 

Probolium GEhlert. Cephalon with a snout-like anterior 
prolongation. Devonian ; Europe and America. 


Subfamily B. Phacopinae Reed. 

Phacopidae with glabellar furrows nearly or quite obsolete , 11101 l40H ' 

j .f. 77 J 7 j j Dalmanites hmu/urus 

and pygidium small and rounded . (Green). Silurian; Loekporfc, 

Now Yoik (after Hull). 

Phacopidella Reed (Acaste Goldfuss) (Figs. 1398, J; 1409). 

Glabella with three pairs of fa faintly defined lateral furrows. 

Ordovician and Silurian ; Europe. 

Phacops Emmrich (Figs. JK&Ji jHHm 1398, J ; 1410, 1411). All glabellar 

furrows, except occasionally the last pair, obsolete. Silurian 

and Devonian ; world - wide distribution. 





Fig. 1409. 

Phacopidella downingiae 
(Murch.). Silurian ; Lud- 
low, England (after Salter). 


Fig. 1410.. 

Phacops latifrons 
Bronn. Devonian ; 
Gerolstem, Eifol 
District, Germany. 



Fig. 1411. 

Phacops jternberyi Barr. 
Devonian (Rtage G) ; Hostln. 
Bohemia (after Barrande). 


Trvmerocephalus JVPCoy. Eyes small and far forward. Devonian ; Europe. 
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Subfamily C. Pterygometopinae Reed. 


Bather small Phacopida e, the cephalon with more or less 
lobation , and the pygidium less triangular and with fewer seg- 
ments than in most of the Dalmanitinae . 

Pterygometopus Schmidt (Pig. 1412). Glabella with three 
pairs of lateral furrows. Ordovician ; Europe and North 
America. 

Ghasmops M‘Coy (Pig. 1398, H). Second pair of glabellar 
lobes absent, or represented by tubercles. Ordovician ; Europe. 

Monoralcos Schmidt. Second and third pairs of glabellar 
furrows represented by pits. Ordovician ; Europe. 


modified pentamerous 



Fwi. 1412. 

Ptnfflumctujm xclerops 
(Dtilm,). Ordovician ; 
Iswos, Esllionm (after 
Schmidt). 


Geological Range and Distribution of Trilobites. 

Trilobites are the only large division of the Arthropoda which has become extinct. 
Even in the earliest Cambrian they bear evidence of great antiquity, — in their 
diversified form, larval modifications, polymerous head and caudal shields. These 
features show that Trilobite phylogeny must extend far back into prc-Oambrian 
times, and it is probable that primitive Branchiopods, of a type corresponding to the 
modern Apus , were developed even earlier. The views of Bernard and Walcott 
regarding the origin of Trilobites and higher Crustacea from a primitive Apws-likc 
ancestral stock are mentioned a few pages farther on under the head of Branchiopoda. 

Concerning the habits of Cambrian Trilobites Dr. Walcott has suggested that the 
adult animals probably crawled about the sea-bottom and did not swim freely in the 
water to the extent that it would he necessaiy to see the bottom. Their habits must 
have been very much like those of Lwmlus when in search of food. That the 
creatures burrowed and pushed their way through the mud and soft sands is proven 
by the trails and burrows , made by them, some of which we now designate as 
Protichnites. 

The maximum development of Trilobites occurred in the Cambrian and Ordovician, 
after which they steadily waned both in numbers and variety. The genera of the 
Conocoryphidae, Eodiscidae, Mesonacidae, Paradoxidae, Oryctocephalidae and Ellipso- 
cephalidae, are wholly restricted to the Cambrian, and here also are found nearly all 
the Olenidae and Agnostidae, only scattering representatives of which survive into 
the Ordovician. The Asaphidae are more characteristic of the Ordovician, and the 
Cryptolithidae, Shumardiidae, Remopleuridao, Bathyuridae and Aeglinidae are 
restricted to it. The Raphiophoridae, Goldiidao, Harpedidae, Encrinuridae, and 
Illaenidae flourished in the Ordovician and Silurian, while the Proetidae, Lichadidae, 
Odontopleuridae and Pliacopidae attained their greatest development in the Silurian 
and Lower and Middle Devonian. 

The later Devonian witnesses a decline in the number of families present, and with 
the close of this era, jh.e class practically became extinct, since only five genera of 
one family, the Protftidac, are met with in the Carboniferous, and the single genus 
PMllipsia alone persists as late as the Permian. 

As regards their geographical distribution, some genera are of cosmopolitan occur- 
rence : such as Agnostus, Oonocoryphe , Ptychoparia , Paradoxides , Cryptohtkus , Illamus } 
Pro’etue , PhilUpsia , Acidaspis, Lichas , Calymene, Homalonotus , Oheirurus , Phacops, 
Valmanites , and others. The majority of forms, however, are extremely limited in 
distribution, so that a large number of genera found in Sweden, Bohemia, England 
and North America are unknown outside of certain very restricted areas ; and the 
total number of species common to both sides of the Atlantic is very small. 

A remarkable contrast is observable between the older Paleozoic Trilobites of the 
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northern parts of Europe, and those of the middle and southern portions. While Ihe 
majority of northern genera and species are common to CJroat Britain, Scandinavia 
and Russia, the forms of the central European provinces (Bohemia, Thuringia, Fichtel- 
herg, the Hartz, Belgium, Brittany, Northern Spain, Portugal, the Pyrenees, the Alps 
and Sardinia) are so dissimilar as to stand in closer relationships with tin*. North 
American than with the first-named Trilobite fauna. Of the 350 species found in 
Norway and Sweden, and of the 275 species in Bohemia, only six are common to 
both provinces, and it is doubtful if these are really identical. 

The first of the accompanying tables shows the range and relative development of 
the orders and the subclass ; the second represents the vertical range of the several 
families of Trilobites. 


TABLE I 

Diagram Constructed by Beecher showing Relative Development 
oe the Orders oe Trilobites 


Permian. 

Carboniferous. 

Devonian. 

Silurian. 

Ordovician. 

Cambrian. 

Pre-Cambrian. 



[Tarlw 
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sa sa as 


Order l. Hypoparia 

Family 1. Agnostidao . 

2. Eodiscidao . 

3. Slmmardiidac 

4. Harpedidae 

5. Trinucleidae 

6. Raphiophoridae 

Order 2. Opisthoparia 

Family 1. Conocoryphidae 
, 2- Mesonacidae 

3. Paradoxidao 

4. Olenidae 

5. Solenopleuridao 

6. Oryctocophalkhu 

7. Coratopygidae 

8. Ellipsocephalidae 

9. Rcmopleuridao 

10. Batliyuridac 

11. Asaphidae . 

12. Illaonidae . 

13. Dikelocophalidao 

14. Goldiidao . 

16. Proetidae . 

16. Aeglinidae . 

17. Lichadidao . 

18. Odontopleuridae 

Order 3. Proparia 

Family 1. Encrinuridae 

2. Calymenidae 

3. Cheiruridae 

4. Phacopidae . 


Total Number of Families . 


[The foregoing chapter on Trilobites has been revised by Dr. Percy E. Raymond, of the 
Museum of Comparative Zoology at Cambridge, Mass. Some notes on Cambrian genera, 
together with two or three figures illustrating the same, have been contributed by Dr. C. D. 
Walcott. — Editor.] 
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Subclass B. EUCRUSTACEA Kingsley.' (Crustacea proper.) 

Crustacea haring typically two pairs of antenniform p'eoral appendages and at 
least three pairs of postoral appendages acting as jaws. 

In the Crustacea proper the appendages of the head-region are as follows : 
the first and second pairs are preoral and are known respectively as antennules 
and antennae ; the third pair, placed on either side of the mouth, are the 
mandibles • the fourth pair, maxilhlae , and fifth pair, maxillae (the two pairs 
sometimes known as first and second maxillae ), are secondary jaws. The 
appendages behind these vary in character, some being walking or swimming 
feet, while from one to three pairs may be subsidiary to the maxillae in 
feeding, in which case they are called maxillipeds . 

Regarding the evolution of the subclass, Bernard has reached the conclusion 



Theoretical Evolution of Cambrian Crustacea from the Buanciiiopoda 
(according to Walcott 2 ). 


that all Eucrustacea are descended from a browsing carnivorous annelid with 
its first five segments (head) bent so that its mouth faced ventrally and 
posteriorly, and using its parapodia for pushing food into its mouth. The 
modern representative of this hypothetical crustacean-annelid, according to 
Bernard, is Apus . In the Burgess shale (Middle Cambrian) crustacean 
fauna of British Columbia occur certain annelids, like Canadia spinosa Walcott, 
which have the head bent down so that the mouth faces posteriorly, and in 

1 Literature : Gerstaecker, A. and Ortmann, A, R } Crustacea, in Bronn’s Klassen und Ordmmgen 
des Thierreichs, vol. v., 1866-1901. — Caiman , W. Crustacea, in Lankester’s Treatise on Zoology, 
pt. vii., fasc. 3, 1909. 

2 Walcott^ C. L. } Middle Cambrian Bran chi opoda, Malacoatraca, Trilobita, and Morostomata. 
Smithson. Misc. Coll., 1912, vol. lvii., no. 6. 
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the opinion of their describer may have been derived from the same general 
type of animal as the accompanying crustaceans. 

The preceding diagram, which is taken from Walcott, illustrates that 
author’s views as to the relations of Cambrian crustaceans to a theoretical 
ancestral stock which for convenience is correlated with Apus- like forms. 
From this primitive stock it is assumed that the Branchiopoda were derived, 
and from them three distinct branches were developed prior to, or during, 
Cambrian time. According to this view Trilobita are direct descendants of 
Branchiopoda, and in turn gave rise to the line leading through the orders 
Aglaspina, Limulava and Eurypterida to the Xiphosura. The structure and 
probable habits of Trilobites lead Walcott to the opinion that these were 
mud-burrowing animals more or less allied to Limulus . The Phyllocarida 
and Ostracoda are assumed by the same author to have been derived from 
the Branchiopoda, but on different lines of descent from that of the Trilobites 
and the orders grouped under tho Merostomata. 

The Eucrustacea are frequently divided into Entomosiraca and Malacostraca, 
but the first of these groups is not a homogeneous assemblage; it is rather a 
repository in which have been placed all forms not members of the Malacostraca . 
The Eucrustacea are here divided into the superorders Branchiopoda , Ostracoda , 
Copepoda , Cirripedia and Malacostraca. 

Superorder 1. BRANCHIOPODA Latreille. 1 

Eucrustacea in which the carapace may form a dorsal shield or a bivalve shell or 
may be entirely absent ; the number of body segments and appendages varies greatly ; 
the appendages of the body are rarely pediform, generally foliaceous and lobed. 

Under the Branchiopods are embraced very differently formed Crustaceans 
of largo and small size, living mostly in fresh water or salt lakes, and 
possessing little else in common than the leaf- like form of log. The 
segmentation of the body in the larger forms is very distinct, but in the 
water fleas (Cladocera) it is usually quite incomplete. The number of body- 
segments varies considerably among different genera. In the strongly 
segmented forms the body is elongated and protected in front by a flat or 
shield-shaped dorsal carapace ( Apus ), or it is naked ( Branchipus ). In the 
Cladocera and Estheriidae, which are enclosed in a bivalve shell, the body is 

1 Literature: A. Recent Forms. — Grube J8. 9 Bemerkungen iiber die Phyllopoden, etc. Wieg- 
maim’s Archiv fiir Naturgescli., 1853-1865, vols. xix., xxi. — Clans, C., Papers on Branchipus 
and Apus, in Abliandl. GeselMi. Wise. Gottingen, 1873, vol. xviii., and Arbeit. Zool. Inst. Wien, 
1886, vol. vi. — Weismann, F. L. A., Zur Naturgeschiehte der Daphniden. Zeitschr. Wissensch. 
Zool., 1876-80, vols. xxvii., xxxiii. — Lankester, E. R Several papers on Limulus, Apus, etc., 
in Quart. Journ. Microsc. Soc., 1881, vol. xxi. — Packard , A. S., Monograph of the Phyllopod 
Crustacea of North America, 12tli Aim. Kept. U.S. Geogr. andGeol. Surv. Terr., 1883. — Sara, G. 0., 
Fauna Norvegiae. I. Phyllocarida and Phyllopoda, 1896. — Bernard , IT. M., The Apodidae. Nature 
series, London, 1892. 

B. Fossil Forms. — Pones, T. R., On Fossil Estheriae and their distribution. Quar. Jouru. 
Geol. Soc., 1863, vol. xix. — Monograph of the Fossil Estheriae. Palaeontogr. Soc., 1862. — 5th 
and, 7th Repts. Comm. British Assoc. Adv. Sci. on Fossil Phyllopoda, 1887-89. — Geol. Mag., 
Sept. 1890, Feh, 1891, Deo. 1893, July 1894. — Trans. Geol. Soc. Glasgow, 1890, vol. ix. — 
Olwrka, J. M New Devonian Phyllopods. Amer. Journ. Sci., 1882, vol. xxiii. — Hall , and 
Clarke, J . M., Palaeontology of New York, 1888, vol. vii. — Bernard, IT. M ., Fossil Apodidae, 
Nat. Sci., 1897, vol. xi. — Schnchert , 0., On the fossil Phyllopod genera Dipeltis and Protocaris. 
Proc. U.S. Nat. Mus., 1897, vol. xix. — Clarke, J. M., Esther ia m Devonian of New York and 
Carboniferous of Ohio. Rept. N.Y. State Paleontologist, 1900. — Idem, Notes on Paleozoic Crus- 
taceans. 54th Ann. Rept. N.Y. State Mus., 1902, vol. i. — Walcott , C. D., Middle Cambrian 
Branchiopoda, Malacostraca, etc. Smithson Misc. Coll., 1912, vol. lvii., no, 6. 
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laterally compressed, shortened, and often indistinctly segmented. The head 
is sharply demarcated from the rest of the body, and is usually provided with 
two large eyes sometimes coalesced, in addition to which there is often a 
a small unpaired eye. The upper lip is very large, the mandibles have no 
palps, and the maxillae are reduced or absent. 

The body-limbs are usually foliaceous and lobed on the outer and inner 
margins. They vary in number from four to more than sixty pairs, and 
usually all carry gill-plates. The posterior part of the body is without 
limbs and usually ends in a caudal furca , the rami of which may be filiform, 
flattened or claw-like. All Branchiopods have the sexes distinct. The 
males are often much less numerous than the females, and the latter 
reproduce largely by parthenogenesis. 

The classification of the Branchiopoda here given differs from that 
commonly adopted, in that the term Phyllopoda (Latroillo, 1802) is not 
employed for an ordinal division including several groups which are dis- 
tinguished from the Oladocera chiefly by the greater number of somites and 
appendages and by the prevalence of metamorphosis in development. Instead, 
these groups of the old division Phyllojpoda are more properly assigned the 
rank of independent orders, all three being sharply contrasted from one 
another as well as from a fourth order, Cladocera , Phyllopods in the old 
sense, therefore, are equivalent to the orders Anostmca , Noiostraca and 
Gonchostraca , as here recognised. The substitution of tho term Phyllopoda 
for Branchiopoda, in the usage of Claus and some writers following him is 
contrary to the rule. 1 

Order 1. ANOSTRACA Sara. 


Head distinct , carapace absent , paired eyes pedunculate ; thorax with eleven to 



Fig. 1413. 

YoJma tenuis Walcott. 
Middle Cambrian , British 
Columbia. Dorsal view. 
X 2/j. 


nineteen pairs of trunk -limbs , none post - (jenital j f ureal rami 
unsegmented , rod-like or flattened. 

Branchipodites Woodward. Similar to the Recent ilranchi- 
pus. Oligocene of Bembridgc, Isle of Wight. R vectensis 
Woodw. 

Opabinia, Leanchoilia, Yohoia (Fig. 1413), Bidmtiu Walcott. 
Middle Cambrian ; British Columbia. 

Order 2. NOTOSTRACA Sars. 

Carapace forming a dorsal shield ex- 
tending over the anterior segments ; paired 
eyes sessile ; antennae vestigial ; trunk - 
limbs forty to sixty-three pairs , of which 
twenty-nine to fifty-two are post-genital ; 
fur cal rami multiarticulate. 

Protocaris Walcott (Pig. 1414). This 
is the oldest representative of the Apus - 
type, and exhibits a remarkable similarity 
to Apus in its univalve carapace, multi- Fw. 1414. 



segmented abdomen, and single pair of wmhi Walcott, 

caudal spines. Lower Cambrian ; Vermont, ’ Go0rKiH ’ 


1 Unfortunately some writers, following Claus, have transposed the names Branchiopoda and 
Phyllopoda, applying the latter to the superorder and the former to one of its divisions, but this 
use is not sanctioned either by priority or by universal custom. 
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Ribeiria Sharpe ; Ribeirella Shubert and Waagen. These names have been applie 
to arched, univalved bodies with strong beaks, muscular scars and sub-cardinal ridg< 
They occur in the early Ordovician of Europe and America, and are doubtful 1 
assigned to a position among the Apodidae. 

Apns Laireillc*. Trias to Recent. Lopidurus Leach. Recent. These gene r* 
included in the family Apodidae, comprise the largest known forms of Branchiopodi 
some species of Apns liaving a length of 70 mm. The under-mentioned Cambria 
Notostracans are placed in separate families by Walcott. 

Naraoia (Fig. 1415), Burgessia and Waptia Walcott (Fig.' 1416). Middl 
Cambrian ; British Columbia. 

Anomalocaris Whiteaves. This name has been applied to bodies from th 



Fio. uir>. 

J Mmutia mmjHwtu Walcott. Middle Cambrian ; 
British Columbia. Dorsal viow, x 



Fio. 1416. 

Waptia field emift Wal- 
cott. Middle Cambrian ; 
British Columbia. Dorsal 
view of flattened specimen, 
xVi. 


Cambrian of British Columbia which have been compared to the segmented abdomei 
of a Branchiopod, each segment bearing a pair of lamellate appendages. Althoug] 
the objects abound where found, nothing is known of the carapace, nor is there an; 
evidence of the surface markings which characterise most Crustacean shields, Thei 
affinities are doubtful. 

JEuchama , Eopteria and Ischyrina, Billings ; Technophorus Miller. These name 
have been applied to remains from the Ordovician of North America, regarded b 
their describers as Pelecypods, but undoubtedly of Crustacean nature. Their referenc 
to the Notostraca is uncertain. 


Order 3. CONCHOSTRACA Sars. 

Oarapace bivalved , enclosing the whole body; antennae well developed , biramou , 
natatory ; paired eyes sessile coalescent . Body -limbs ten to twenty-seven pairs , of wide 
none to sixteen are post-genital , and the first one or two in the male form clasping organ 
Fur cal rami claw-liJce. 
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Family 1. Limnadiidae Baird. 


Family characters the same as above given for the order . 

Estheria Ruppel (Figs. 1417, 1418). Shell composed of two thin rounded valves, 
united by a straight toothless margin. External surface concentrically ridged or 


A Jl 



Fig. 1417. 


Estheria winuta Alberti Lettenkolile Dolo- 
mite ; Sinslieim, Baden. A , i/i- 6 lv <•» 
Portion ot the exterior, 50 /i 



Estheria Hp. indot. Dower Iuutou 
C oal MeiiHUren ; Carrollton, Ohio. 
LTinhonal portion showing musenlui' 
or nuclear node, l»/j. 


striated, and between the ridges are more or less regularly interlacing or branching 
striae. The latter character serves to distinguish this genus from Potidonomya among 
Pelecypods. The beaks are not sharply defined, and the primitive portions sometimes 
bear a strong ocular or muscular node. 

The genus Estheria has numerous fossil representatives, being first met with in the 
Devonian, and occurring mostly in brackish and shore deposits. It abounds in the 
productive Coal Measures, in the Permian, Trias (Tjcttenkohlenmergel) and Weal den, 
and has been found in the Pleistocene clays of Canada. 

Leaia Jones (Fig. 1419). Carapace marked by one or two diagonal ridges 


A B 



Fig. 1419. 

A, Leaia leidyi Jones Coal Measures ; PottsvilLo, 
Pennsylvania. P, Leaia haentschiana Geimtz. Coal 
Measures; Neunkirchen, near Saarbrucknn (after 
Golden berg). 



Fm. MilO. 

Se MsaiHwus m/isa Clarke. 
Hamilton ; Omitorllnld, New 
York. a/j. 


which run from the anterior end of the dorsal margin toward the lower margin, 
Carboniferous ; Europe and North America. 

Estheriella Weiss. Carapace as in Esthena , but with radial riblets crossing the 
concentric striae. Permian ; Russia. Buntersandstein ; Saxony. 

Schizodiscus Clarke (Fig. 1420). Carapace peltate, with a straight hinge which 
is in the major axis of the shield. Each valve nearly a semicircle ; surface marked 
with concentric ridges. Middle Devonian ; New York. 

L&peditta Matthew. Cambrian ; North America. 
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Family 2. Bradoriidae Matthew. 

Carapace bivalved , membranaceous , calcar eo-corneus in composition , completely 

separated but probably often fused along the cardinal edge; free margins of valves 
slightly gaping ; main muscle spot close to antero-cardinal angle just behind and beneath 
the ocular tubercle. 

The mombers of this family have hitherto been considered as Cambrian Ostracoda, but 
recent studies have shown them to be Rranchiopoda. The genera listed below embrace 
several distinct types of structure, and will in part be referred to other families in the course 
of study. 

Beyrichona Matthew (Fig. 1421, A , B). Valves sub triangular with a broad 
undefined depression in the dorsal slope, limited in front by a short nodc-like ridge. 


A B 



Fig. 1421. 


A, Beyrichona tinea Matthew. X 4/j. B, 
Beyrichona pa tpilio Matthew, x <1 /i- Muldlo 
Cambrian of Now Brunswick. 


A B 



Fig. 1422. 


A, Ihpptmichanun rlumtum Matthew. 
X 4 /i. By Aluta enyo (Walcott). X 8 % 
Middle Cambrian of Now BrunHWick and 
China. 


Hipponicharion Matthew (Fig. 1422, A). Valves semi-elliptical with two 
prominent marginal ridges and an inconspicuous central ridge near hinge line. 

Polyphyma Groom. Valves semicircular with numerous rather variable tubercules. 
Bradoria , Escasona , Aluta Matthew (Fig. 1422, B). (?) Isoxys Walcott. 


Order 4. CLADOCERA Milne Edwards. 

Carapace bivalved , generally enclosing body but leaving head free; paired eyes sessile , 
coalesced ; antennae large , forming swimming organs ; four to six pairs of body-limbs ; 
fur cal rami claw-lihe . 

The egg-cases (ephippia) of Cladocera have been recognised in Glacial deposits in 
Germany. Lynceites ornatus Goldenberg, from the Carboniferous, is a very doubtful 
representative of this order. 


Superorder 2. OOPEPODA Milne Edwards. 

Eucrustacea without a distinct carapace , but with one or two of the anterm 
somites coalesced with the head , Paired eyes usually absent . Antemules and 
antemae usually well developed ; typically six pairs of biramous body-limbs. Caudal 
fv/rca present. 

The Oopepoda are without known representatives in the fossil state. 

Superorder 3. OSTRACODA Latreille. 1 

Small , indistinctly segmented Crustacea completely enclosed in a horny or calcareous 
bivalve shell . Not more than seven pairs of appendages present — two of antemae, 

1 Literature: Bosquet , Description dos Eutomostracis fossiles de la craie de Maastricht. 
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one of mandibles , two of maxillae , and two pairs of feet . Jbdomen short and 

rudimentary . 

As a rule only the bivalved shell of the Ostracoda is found fossil, and since 
the classification is based principally upon characters presented by the 
appendages, the relations of recent to fossil forms cannot be made out with 
certainty, especially as the form and ornamentation of the shell are largely 
independent of the internal organisation. 

The valves are closed by a subcentral adductor muscle, the attachment of 
which is marked on their inner sides by a tubercle, pit, or a number of small 
spots. The shell is compact in structure, commonly from 0’5 mm. to 4 mm. 
in length, although sometimes exceeding 20 mm. The outer surface may be 
smooth and glossy, or granulose, pitted, reticulose, striate, hirsute, or other- 
wise marked, the effect being often quite ornamental. The two valves may 
be of equal size (Beyrichia), or more or less unequal, with either the right or 
left valve overlapping at the ventral border only (Leperditia), or at the dorsal 
border as well (. Bairdia ), or in some cases overlapping all round ( Oytherelld ). 

Most commonly the outline is ovate or reniform ; in many cases, however, 
one or both ends may be pointed or drawn out in the form of a beak ; and 
when the dorsum is straight, the ends may join it angularly. Although 
usually convex, the ventral margin is sometimes straight or gently concave. 
It is sometimes impossible to distinguish between anterior and posterior 
extremities, but as a rule the posterior half is somewhat thicker than the 
anterior, even though of equal or of less height. The hinge-line may be 
straight or arcuate, the hinge itself being generally simple, although among 
the Cytheridae hinge teeth and corresponding sockets are often developed. 
There are commonly a small median and two larger lateral eyes ; the position 

M6m. Soc. Roy. Sci. Lioge, 1847, vol. iv. — Description ties Eutomostrucos fossiles ties terniins 
tertiaires de la France et de la Belgique. M6m. Couronn. Acad. Roy. Mg., 1850, vol. xxiv.— - 
Monographic des cmstac6s fossiles du terrain cretactf du Duel) A de Limburg. Menu Oommiss. Carte 
g4oL NAderlande. Haarlem, 1854. — Reuss, A. B., Die fossilen Entomostraceu des bsterreiehisoheii 
Tertiarbeckens. Haid. naturw. Abhandl., 1850, vol. iii., pt. 1. — Die Foraminiforon und Eutomo- 
stracen des Kreidemergels von Lemberg. Ibid, iv., pt. 1, 1851. — Jones, T. It., A Monograph of 
the Entomostraca of the Cretaceous Formation of England. Palaeont. Hoc., 1840. — Idem, and 
Binds, G. J., A Supplemental Monograph of the Cretaceous Entomostraca of England and ircland. 
Ibid., 1890. — Jones, T. R ., *A Monograph of the Tertiary Entomostraca of England. Ibid., 1857. 
— Idem, and Sherborne, O. U., A Supplemental Monograph of the Tertiary Entomostraca of 
England. Ibid., 1889. — Jones , T. R, and KirJcby, J. W., Notes on Palaeozoic bivalved Entomostraca, 
Nos. 1-32. Ain. Mag. Nat. Hist., 1855-95. — Bgger, ()., Dio Ostracoden dor Miooiinsohichton bei 
Ortenburg. Neues Jahrb., 1858. — Speyer, O. W. O., Die fossilen OHtracoden aus den ( lasseler 
Tertiarbildungen. Cassel Jahresber., 1863, vol. xiii — Brady, G. S., (Jrosnkey, II. IF., and 
Robertson , Z>., A Monograph of the Post-Tertiary Entomostraca of Scotland. Palaeont. Soc., 1874. 
— Jones , T. R , KirJcby, J. W., and Brady, G. S., A Monograph of the British Fossil bivalved 
Entomostraca from the Carboniferous Formations. Ibid., 1874, 1884.— Jones, T. A., and Bolt, 
H. B., Notes on Palaeozoic bivalved Entomostraca. Ann. Mag. Nat. Ilist., 1869, sor. 4, vol. iii.— 
Brady, G. S., and Norman, A. M., A Monograph of the marine and fresh- water Ostracoda of the 
North Atlantic, etc. Sci. Trans. Roy. Dublin Soc., 1889-96, vols. iv., v.—LienenJclaus, B., 
Monographic der Ostracoden des nordwestdeutschen Tertiars. Zeitschr. Doutsch, Geol. Gos., 1894, 
vol. xlvi. — Jones, T. R., and KirJcby, J. W., On Carboniferous Ostracoda from Ireland. Sci. 
Trans. Roy. Dublin Soc., 1896, vol. vi. — l Inch, B. O., The ‘Lower Silurian Ostracoda of Minnesota. 
Geol. Minn., Palaeont, vol. iii., pt 2, 1897. — Sherbom, Q. I)., The literature of fossil Ostracods. 
Nat. Sci., 1897, vol. x. — IAenenJdaus, E., Die Tertiar-Ostrakoden des mittleren Norddeutschlands. 
Zeitschr. Deutsch. Geol. Ges. 1900, vol. Iii .—Idem, Die Ostrakoden des Mainzor Tertiarbeckens. 
Ber. Senckenberg Nat. Ges. Frankfurt, 1905 .—Matthew, G. F., Ostracoda of the basal Cambrian 
Rocks in Cape Breton. Canad Rec. Sci., 1902, vol. viii. — Chapman, F., Some Silurian Ostracoda 
and Phyllocarida. Proc. Roy. Soc. Victoria, 1904, n. s. vol. xvii.— Ulrich, E. O,, and Bossier 
R. S., New American Paleozoic Ostracoda, pts. ii. and iii. Proc. U. S. Nat Mus., 1906, 1908. 
vols. xxx., xxxv.— Miocene Ostracoda. Maryland Geol. Suit., Miocene Vol, 1904. 
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of the latter being often indicated on the exterior of the valves by a small 
“ eye tubercle/* or ocular spot. 

Save for one or two families (Oypridae) Ostracods are almost wholly 
restricted to marine or brackish water. They are gregarious, and occur iii 
vast hordes swimming near the surface or creeping over the bottom, preferring 
usually shallow depths. Their remains abound in nearly all the principal 
formations, and they are often important rock-builders. The identification of 
fossil Ostracods is very difficult on account of their similarity of form and 
ornamentation, and usually minute size ; and they cannot be well intercalated 
among the recent series for reasons already given. Sars has arranged the 
living forms into four divisions, Podocopa , Platycopa , Myodocopa and Gladocopa , 
but assembling the families into higher groups is not attempted here, and 
only the more representative genera can be noticed. 


Family 1. Leperditiidae Jones. 

Thick-shelleA Ostracoda , mostly of considerable size. Valves smooth and glossy , of 
very compact structure , and in general regularly convex; hinge-line straight ; anterior 
and posterior ends obliquely truncated or rounded , and neither gaping nor excised. 

Leperditia Rouault (Fig. 1423). Shell sub-oblong with an oblique backward 
swing, from 2 mm. to 22 mm. long; dorsal edge straight, generally angular at the 
extremities; ventral outline rounded. Valves unequal, the right larger and over- 
lapping ventral edge of 
the left. Surface often 
corneous in appearance, 
smooth, and eye tubercle 
generally present on 
the antero-dorsal 
quarter. A large 
rounded sub - central 
muscular imprint pre- 
sent on interior. Ordo- 
vician to Carboniferous. 

Leperditella Ulrich. Similar to above, but the left instead of right valve is the 
larger, and has a groove within its ventral border for receiving the simple edge of 
the right valve. Eye tubercle wanting. Length 1 mm. to 3 mm. Ordovician. 

Isochilina Jones (Fig. 1424). Like Leperditia except that the valves do not over- 
lap but are equal in every respect. Ordovician and Silurian. 

Aparchites Jones. Shell not over 3 mm. in length, equivalve, sub-ovate or 
oblong ; ventral edge thickened, often bevelled. Ordovician and Silurian. 

Scfmidtella Ulrich. Ordovician. Paraparchites Ulrich and Bassler. Carboni- 
ferous ; North America. 




Fig. 1428. 

Leperditia % isirgeH Schmidt. Silurian ; 
Wisby, Gotland, i/i- 


Fig. 1424. 

IxoeMlina gigmtoa Hoemer. 
Silurian erratic ; Lyck, Bast 
Prussia, j 2 / 3 (after F. Roemer). 


Family 2. Beyrichiidae Jones. 

Small equivalve Ostracoda with a long straight hinge. Shells vertically sulcated and 
more or less lobate , varying from forms having a simple median depression to others in 
which the surface of the valves is raised into numerous low lobes , ridges or nodes. 

Primitiella Ulr. (Fig. 1425, a). Valves with a broad, undefined mesial depression 
in the dorsal slope. Ordovician to Devonian. 
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Primitia Jones and Holl (Fig. 1425, b). Has well -marked subcentral pit or 
sulcus, with furrow extending to the hinge line, Ordovician to Permian. 

Dicranella Ulr. (Fig. 1425, d). Like Primitia but has horn -like process on one 
or both sides of the sulcus. Ordovician. 

Aechmina J. and H. (Fig. 1425, c). Sulcus is replaced by a single, horn-like 
process. Ordovician to Mississippian 

Ulrichia Jones. Ordovician to Mississippian. tf tynuphn, Br.yricfd<vpm, Boyrichidla 
Jones and Kirkby. Carboniferous. 

Eurychilina Ulr. (Fig. 1425, g). Like Primitia but ventral margin provided 
with a wide, frill-like border. Ordovician and Silurian. 

Jonesella Ulr. (Fig. 1425, f). Valves subovatc with a curved ridge on the 
posterior two-thirds. Ordovician and Silurian. 



Kf(i. 148/t. 

Paleozoic Oatracoda. a, Prtniitidlu mileornls Ulr. X I4 /i- (>, PrUuilla HnrlunaMensis Miller. x l4 /i. c, 
Aechmina marginata Ulr. x 14 /j. d, Dionmdlu bieoniii Ulr. X l0 Ji- ti, (Hmohu/Mna rlliata KmmonH. x B /i, 
/, Jonesella crepidiformis Ulr. X MA. g, Eurychilina reticulata Ulr, X l %. /?, llalliclla lahrom Ulr. x t4 /J, 
i, Kloedenia centncomis Ulr. and Ba.s.s. x u /i- j> Tetmilellu r/nnilrllirata II. and W, x l&/j. /•', Herat mm 
chairibersi Miller, x I, Kloedenella turgida Ulr. and Bohn, x I4 /i, m, Kirkhya mhqwuimta Ulr. x **/i« 
n, Beyrichia clavata Kal. X 14 /]. o, Vropandla crasmmtaVXv. X ,0 /i. y, iHfobellu tyya Ulr. x >4/ lp 

Bollia Jones and Holl. Valves with a central looped or horseshoe-shaped ridge. 
Ordovician to Mississippian. 

Tetradella Ulr. (Fig. 1425, j ). Valves marked by four more or less curved 
vertical ridges united ven tolly. Ordovician and Silurian. 

Geratopsis Ulr. (Fig. 1425, 7c). Has a horn-like process arising from the ex- 
tremity of the posterior ridge. Ordovician and Silurian. 

GtenobolUna (Fig. 1425, e), Drepanella (Fig. 1425, 0 ), Halliella Ulr. (Fig. 1425, 
h). Ordovician to Devonian. 

Beyrichia M‘Coy (Fig. 1425, n). Valve has three lobes or nodes with the central 
one the smallest. Ordovician to Devonian. 

Kloedenia Jones and Holl (Fig. 1425, i) ; Kloedenella Ulr. and Bass. (Fig. 
1425,7). Silurian and Devonian. Dilobella Ulr. (Fig. 1425, jp). Ordovician. I£ollina , 
Jonesina, Trejposella Ulr. and Bass. Devonian to Carboniferous. 

The following genera, doubtfully referred here, should perliaps bo regarded as 
Paleozoic Cytheridae : 

KirJcbya Jones (Fig. 1425, m). Devonian to Permian. Moorca J. and K. 
Ordovician to Permian. Strepula J. and H. Silurian and Devonian. Macronotella 
Ulr. Ordovician. 
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Family 3. Cytheridae Zenker. 


Minute, she, Us of generally elongate-oval, uniform or sub-quadrate, outline , and of 
dense, structure. Surface smooth, punctate, nodulose, striate or spinose ; hinge generally 
denticulated, the right valve with 
two teeth in most cases , and the left & 

with corresponding pits. 


Fossil species of this family are 
very numerous in the marine deposits 
of the Cretaceous and Tertiary. The 
resemblance between Oythere and the 
Devonian genus Btrepula is so decided 
as to indicate relationship. 



Flo. 142(5. 

Valvos of fossil Ostmcoila. <t, ( Where hitxslrri Ulr. x 1J /i* 

b, Cythnoyteron nodosum ULv. and Bass, x 17/j. r, ( •ythcrvfm 
pomrmnta Ulv. x 14 /i. d, I'atihydmdUi tnmidn Uh*. x J4 /i* 

c, Xistulrbrnu viwllcrvtna (Lam.). X M/i. J-, OctunnniL dwimta 
Ulr. x w/i. 


Oythere Muller (Fig. 1426, a). 

Shell reniform or &ubqnadrate, 
usually widest in front", surface 
variously ornamented ; hinge teeth 
strong, placed one at each end of 
a horizontal bar which fits into a corresponding furrow and sockets of the left valve. 
Permian to Recent. 

Gythereis Jones (Fig. 1427). Like Oythere but connecting bar of the hinge is 
wanting. Cretaceous to Recent. 

Gytlieridea Bosq. (Fig. 1426, c). Differs from Oythere in having hinge beset with 



Viu. 1427. 

(Jy therein yuadrilatstn Boomer. (lault ; Folkestone, England, x 20/1 (after T. Rupert JonoH). 


row of small teeth in right valve, often interrupted in the middle, and with corre- 
sponding pits in the left valve. Jurassic to Recent. 

Oytkerideis Jones. Shell more or less triangular ; hinge simple. Cretaceous to 
Recent. 

Garbonia Jones. Carboniferous. Oytheropteron (Fig. 1426, &), Xestoleberis (Fig. 
1426, e) and Pseudocythere Sars. Tertiary to Recent. 


Family 4. Thlipsuridae Jones. 

lieniform or ovate inequivalve shells , less than # mm. in length, the margin of one 
valve overlapping that of the other more or less completely ; dorsal margin arcuate, 
ventral sometimes straight or sUghtl/y sinuate. Surface with two or more definite pits. 

ThUpswra Jones and Holl. Valve generally with three pits, one posterior and two 
in the anterior half. , No ornament. Silurian and Devonian. 

Octonaria Jones (Fig. 1426, /). Differs from the last in having the surface of 
valves raised into a thin spiral or annular ridge which in the more typical forms is 
8-shaped. Silurian and Devonian. 

Phreatura J. and K. Posterior end of shell strongly compressed and marked by 
a shallow semicircular pit ; a similar but smaller pit is present at the anterior 
extremity. Carboniferous. 
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Family 5. Cypridae Zenker. 

Minute, mostly reniform or elongate-ovate, corneous or comco-calcareons shells, with 
thin, somewhat unequal valves, one overlapping the other either ventrally or dorsally or 
both 


Kecent Cypridae are chiefly fresh-water inhabitants, hut this is true in a lesser 
degree of the fossil forms. All the Paleozoic representatives are marine, excepting 
perhaps certain Carboniferous species. Fossil remains are extraordinarily profuse in 
certain deposits, and the family is an important rock-builder. 

Palaeocypris Brongt. Shell 0’5 mm. long, sub-ovate, smaller posteriorly than in 
front ; surface granulose and finely hirsute in dorsal region. Carboniferous. 

Cypris M ull er (Fig. 1428). Shell reniform or oval, thin, translucent, smooth or 
jL hirsute, often punctate; hinge edentulous, somewhat 

thickened ; ventral margin often sinuate. Tertiary to 
{ i Eecent. 



Fig 1428 . 

Cypris faha Dq sin. Miocone; 
Oeningen, Switzerland. A , Dorsal, and 

B, Lateral viey. is/i (after Bosquet), 

C, Valves composing fresh-water lime- 
stone at Nordlmgen. 



Fig. 1420. 

CypruUa vuildensis 
Sowb. Weald en ; Olier- 
kirchen, Hanover. in /i. 



Km. MHO. 

Bail'd in, ntrfn M‘<!oy. 
Lower CarbonireroiiK ; 
Ireland ,{l /i (after 
Kirk by). 


Gypridea Bosq. (Fig. 1429). Like Cypris, hut with a small lioolc-like projection 
at the antero-ventral angle. Purbeck and Weald en. 

Bairdia M‘Coy (Fig. 1430). Shell sub-triangular or rhomboidal, with the 
greatest height near the middle, generally smooth, both extremities narrowly rounded 
or pointed. Dorsal margin more or less strongly convex ; hinge formed by ove.r- 
lapping edge of left valve. Ordovician to Eeccnt ; maximum in Carboniferous, 

Bythocypris Brady. Shell smooth, reniform, ovate or elliptical ; left valve over- 
lapping the smaller right valve usually ou both dorsal and ventml margins. 
Typically Eecent, hut a number of Paleozoic forms have also been assigned to this 
genus. 

Macrocypris Brady. Similar to the last, but generally more elongate, posteriorly 
more acuminate, and the right valve larger than the loft. Ordovician and Silurian ; 
also Jurassic to Kecent 

Pontocypris Sars. Like Bythocypris, except that the shell is very delicate, and 
the hinge is simple without overlap. Silurian, Carboniferous, Pleistocene and lie, coni. 



Fia. 1481. 


Cytherella, cmnpressa 
(Mimst.). Oligocene ; 
RUppelmonde, Belgium. 
22/i (afberBosquet). 


Family 6.’ Cytherellidae Sars. 

Family characters chiefly displayed hy soft parts . tthell minute, 
inequivalve , thick, calcareous, not notched anteriorly. 

Cytherella Jones (Fig. 1431). Shell oblong or sub -ovate, 
compressed in front; surface generally smooth, but sometimes 
undulating and marked with pits and granules. Contact margin 
of the larger right valve grooved for reception of flange -like 
edge of smaller left valve. Ordovician to Eecent. 

Cytherellina Jones and Holl. Silurian* (?) Pachydomella 
Ulrich (Fig. 1426, d) ; Bosquetia Brady. Eecent 
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Family 7. Entomidae Jones. 


Shells relatively short , strongly convex , reniform, ovate or rounded quadrate, sub - 
equivalve , with a more or less well-marked depression near the middle of dorsal region. 
Surface sculpture concentric or radiate. 


Entomis Jones (Figs. 1432, 1433). 
slightly curved sub -median vertical 
furrow extending to the hinge line ; 
in front of furrow occasionally a 
rounded tubercle. Surface marked 
generally with raised, concentric, 
transverse or longitudinal lines. 

Ordovician to Carboniferous ; very 
profuse in Devonian. 

Entomidella Jones. Like En- 
tomis, but with furrow extending 
entirely across the valves to ventral 
edge. Ordovician and Silurian. 

Elpe Barr. Shell reniform, 3 
mm. to 7 mm. long, with depres- 
sion just behind the middle of the 
dorsal slope ; posterior half sometimes Btrongly inflated. 
Ordovician and Silurian. 


Shell sub-ovate or fabiform : valves with a 



Pig. 1482. 

HtUmihi pclagica Barr. 
Lowar Devonian (P) ; 
Komeprus, Bohemia. 


Fig. 1438. 

Kntomis fterrata-strmta (Sandb.). 
Upper Devonian ; Woilburg, 
Nassau. A, Fragment of matrix, 
Vi* Ji, Ventral and lateral aspects. 
°/i- 6', Impression of valve, 

Delicate radial ornament. 


Family 8. Cypridinidae Sars. 

Shells equivalve sub-elliptical to oblong , convex, smooth or punctate , and sometimes 
ribbed, especially in posterior half Anterior end with a notch and hook-like hood over- 
hanging an opening left between edges of valves for protrusion of the lower antennae ; 
posterior extremity frequently acuminate. 

Cypndina Milne Edw. (Fig. 1434). Shell generally acuminate, oviform, rarely 


Via. 1484. 
Cypridina primaeval do 
Kon.). Coal Measures; Braid- 
wood, England. 4 /i (after 
Jones, Kirkby and Brady). 




Vnu 1485. 

Cyprhlella wrightli J, K. and B, Lower 
Carboniferous Cork, Ireland. (after 
Jones, Kirkby and Brady). 



FiO. I486. 

Cyprdla ahrysuHilm (de 
Kon.). Lower Carboni- 
ferous ; Cork, Ireland. 
Vi (after Jones, Kirkby 
and Brady). 


oblong; antpro-dorsal edge projecting beak-like over the strongly defined notch; 
muscle spot large, sub-central, often visible on exterior. Ordovician to Recent. 

Oypridinella J. K. and B. Like Cypridina, but having the antero-ventral region 
projecting somewhat prow-like and generally beyond the hook. Carboniferous. 

Cypridellina J. K. and B. Differs from the last in having a tubercle or lump 
above the centre of the valve. Carboniferous. 

Cypridella de Kon. (Fig. 1435). Like Cypridellina, except that it has a curved 
sulcus behind the tubercle. Carboniferous. 

Cyprella de Koninck (Fig. 1436). Shell much as in the last, but annulate. 
Carboniferous. 

Sulcuna, Rhombina J. K, and B. ; Oypresis, Cyprosina Jones. Paleozoic. 
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Family 9. Entomoconchidae. 

Shell sub-globose , more or less inegruivalve ; anterior edge, truncate and with central 
portion of margin inturned so as to leave a simple or sinuate slU. Beah not developed. 

Entomoconchus M‘Coy ; Offa Jones, Kirkby and Brady. Carboniferous. 


Geological Range of the Ostracoda. 

Numerous supposed Ostracoda ( Bradoria , Beyruhona , etc.) have been described 
from the Cambrian, but all of these now prove to be Branohiopods, The earliest 
undoubted Ostracoda are indicated by a few species of LepenhUa found in the 
Beekmantown beds (Lower Ordovician) of Tennessee. During the Middle and 
Upper Ordovician these Crustaceans flourished greatly, and form excellent horizon 
markers. The prevailing Ordovician and Silurian types belong to the Leporditiidae 
and Beyrichiidae, although toward the close of the Silurian numerous Oypridae make 
their appearance. 

Devonian Ostracoda are less numerous, but manifest essentially the same typos as 
in the earlier periods. Here, however, the larger Leporditiidae art*, entirely wanting. 
Although many small species of archaic genera persist in the Carboniferous, the aspect 
of the fauna is changed by the strong development of Oypridinidau. Thereafter 
Ostracods are but sparsely represented until the Cretaceous, when curtain genera, 
especially Gythere, develop a surprising variety of species. Little difference can bo 
detected between Tertiary Ostracods and their modern descendant^ although on 
account of the facilities for studying the anatomy of the soft parts it 1ms been possible 
to distinguish many more genera among the living forms. 

[The above revision of the groups Branchiopoda and Ostracoda has boon prepared by 
Dr. R. S. Bassler. — Editor.] 


Superorder 4. CIRRIPEDIA Burmeister. Barnacles. 1 

Sessile, mostly hermaphroditic animals, enclosed in a membranous mantle which 
is often covered with calcareous plates. Body attached by the anterior extremity of the 

1 Literature : A. Recent Forms : — Thompson , /. V ., Zoological Researches and Illustrations, 
I. Cork, 1830. — Discovery of the Metamorphosis in the Lepados, etc. Phil. Trans. Roy. Hoc., pt. 
2, 1885. — Burmeister, H., Beitrage zur Naturgeschichte der Rankenfiissler. Berlin, 1 834 .-—Martin* 
Saint-Ange , G. J., Mdmoire sur l’organisation des Cirripedes. M6m. Havans Strang., Acad. Set, 
Paris, 1835, vol. vi. — Darwin, C., A Monograph of the Sub-Class Cirripodia. Ray Hoc., 1851-54, 
vols. i., ii. — Hoek, P. P. 0., Report on the Cirripedia. Ropt. Challenger Expod., Zool,, viii., x., 
1883-84. — AnrwiUius , G. W. &, Studien liber Cirripeden. Svonsk. Vetensk. Akail. Ifandl., 1893, 
vol. xxvi., no. 7. — Groom, T. T On the Early Development of the Cirripedia. Phil. Trans. Roy, 
Soc., 1894, vol. clxxxv. — Hansen , H. J., Phyllopoda and Cirripedia. Plankton Expedition, 1895. 
— Gruvel , A., Monographie des Cirrhip&des. Paris, 1905. 

B. Fossil Forms. — Sowerby, J., and J. do 0., The Mineral Conchology of Great Britain. 
London, 1812-30. — Xto&mer, F. A . Die Versteinerungen des norddeutschen Kreidegebirges. Hanover, 
1840-41. — Darwin , 0., A Monograph of the Fossil Lepadidae of Great Britain. Palaeont. Hoc., 
1851. — A Monograph of the Fossil Balanidae and Verruoidae of Groat Britain, /hid . , 1855. — 
Bosquet, J., Monographie des Crustac^s fossiles du terrain cr&tac6 du Duchd do Limbourg. Mdm. 
Commiss. Carte geol. NMerlande, 1854. — Notice sur quelques CirripMes ^comment decouverts 
dans les terrains cr4tac4s du Duch6 de Limbourg. Haarlem, 1857. — llmm, A, Ueber foasile 
Lepadiden. Sitzungsber. Akad. Wiss. Wien, 1864, vol. xlix.— Woodward, XL, On Turrilcpas, etc. 
Quar. Journ. Geol. Soc., 1865, vol. xxi. — Barrande, J., Systems Silurien du centre do la Bohfime, 
I. Suppl., 1872. — Seguenza , G., Ricercbe palaeontologiche intomo di Cirripodi terziaril della Provincia 
di Messina, Pts. i., ii., Naples, 1873-76. Ma/rsson , J., Die Cirripeden und Ostracodou der woissen 
Schreibkreide der InseljRugen. Mittheil. naturw. Ver. Neu-Vorpommem und Rdgerf, 1880, vol, 
xii. — Zittel, XC. A., Bemerkungen uber einige fossilen Lepaditon aus dem lithograph tachen Schiefer 
und der oberen Kriede. Sitzungsber. Bayer. Akad. Wiss., 1884, vol. xiv. — Faber, (X L .. Remarks 
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head ; obscurely, and at times not at all segmented; posterior portion with at most 
six pairs of biramous legs or cirri , which , however , may he fewer in number or 
altogether absent. 

The typical and best known Cirripedes (. Balanidae , Lepadidae ) differ so 
widely from all other Crustacea in their external form, solid calcareous shells, 
slightly developed respiratory and sensory organs, and especially in their 
hermaphroditic sexual apparatus, that until 1830 they were commonly classed 
with the Mollusca. About this time J. V. Thompson and Burmeister showed 
that these Cirripedes pass through a nauplius stage, and that directly before 
attachment both JBalanus and Lepas undergo a Cypris-st&ge, thus showing very 
clearly their relation to the Eucrustacea. 

All Cirripedes are marine animals. Those with calcareous shells attach 
themselves to stones, wood, mollusks, crabs, corals and sea plants, and often 
cover rocky coasts in myriad numbers. Some genera ( Coronnla , Ghelonobia) 
attach themselves to whales and turtles ; some ( Pyrgoma , Palaeocreusia) 
become embedded in corals, and others bore into shells of mollusks or 
lead a parasitic existence on Decapods or within the shells of other Cirripedes. 
Most Barnacles inhabit shallow water, but certain genera occur at great 
depths, from 1900 to 2000 fathoms (Scalpelhm, Ferruca). Many of the 
living families aro naked, and naturally only those possessing shells 
(Thoracica) have left fossil remains, although some of the tubular cavities in 
molluscan shells may have been perforated by naked Cirripedes. Eossil 
forms occur sparingly in the older strata, and do not become abundant until 
near the close of the Tertiary, 

Order 1. THORACICA Darwin. 

Body indistinctly segmented, and enclosed in a membranous mantle in which calcare- 
ous plates are usually developed, Six pairs of cirri present. Mostly hermaphroditic, 
sometimes with complemental males. 

The relations of the first two of the following families to the other members of 
the order are conjectural. 


Family 1. Lepidocoleidae Clarke. 

Body covered with two vertical columns of overlapping plates, those of one series 
alternating with those of the other. Terminal or caudal plate axial. Basal or cephalic- 
portion of the body with a ventral curvature. Apices of the plates on the dorsal margin. 
No accessory plates. 

Lepidocoleus Faber (Fig. 1437). Elongate, blade-shaped ; dorsal edge the thicker, 
ventral edge sharper and linear. The two series of plates make a complete enclosure, 

on some Fossils of the Cincinnati Group. Journ. Cincin. Soc. Nat. Sci., 1887, vol. ix. — Ball, J., 
and Clarke , J. M., Palaeontology of New York, 1888, vol. vn. — Clarice, J. M., Notes on certain 
Fossil Barnacles. Amer. Geol., 1896, vol. xvii. — Matthew , G. F., On occurrence of Cirripedes in the 
Cambrian. Trans. N. Y. Acad. Sci., 1896, vol. xv. — Logan , W. iV*., Cirripeds from Cretaceous of 
Kansas. Kansas Univ. Quar. 1897, vol. vi. — Woodward, 11., Cirripedes from the Trimmingham 
Chalk in Norfolk. Geol. Mag. 1906, dec. 6, vol. iii. — Idem, on the genus Lorimla. Ibid., 1908, 
vol. v. — Be Alessandri, G., Studi mouograflci sui Cirripedi fossili <V Italia. Palaeontogr. Ital., 
1906, vol. xii .—Idem, Osservazioni sopra alcuni Cirripedi fossili della Francia. Atti Soc. Ital. 
Nat., Milano, 1907, vol. xlv. — Reed, F. R. C., Structure of Tunlkpas and its allies. Roy. Soc. 
Edinb., 1909, vol. xlvi. — Withers, T. II., The Cirripede genus Scalpelhm. Geol. Mag. 1910, 
dec. 6, vol. vii. — Idem, The Cimpedo Bracfoylepas cretacea H. Woodward. Ibid., 1912, vol. ix, , 
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"being interlocked on the dorsal edge, but are only in apposition on the ventral 
edge, where they were undoubtedly capable of dehiscence for 
the protrusion of the appendages. This is the most primitive 
genus of the group. Ordovician to Devonian. 

Family 2. Turrilepadidae Clarke. 

Body with four to six vertical columns of triangular plates , 
two of the columns being small , accessory and sometimes much 
modified in shape. Caudal plate patellif arm , axial. 

Fig. 1437 . Turrilcpas Woodw. ( Plnmnlites 

Lepidocoieua sariei ciarko. Barr.) (Fig. 1438). Body el on gate - 

Silurian ; Rochester, New conical with four to six columns of 
York. Dorsal, lateral and , _ . , 

ventral views. large triangular overlapping scales, 

some of which are keeled in the 
middle. Besides having concentric striae, the surface may be 
radially lined or punctated. Cambrian (?) to Upper Devonian. 

Strobilepis Clarke. Composed of four columns of over- 
lapping plates, two of which are of large and equal size. 

Of the other two intervening columns, one consists of a 
few very small plates, and the other is modified into a series 
of grooved spines which appear to overlap one another at 
their bases, and to lie opposite the column of small plates. 

Caudal extremity terminated by a circular, conical, axial Bnghuid. h, Complete iYufi 
plate, against the sides of which lies the first plate in each oiifiirM* 

column. Middle Devonian. ward). 



Fiu. i i:is. 

TwrHIvpns trrUfhllamis <U 
Koninek. Silurian; Dudley 


Family 3. Lepadidae Darwin. (Goose Barnacles). 

Shell pedunculated , composed mainhj of the paired terga and scuta , the unpaired 
carina , and a variable number of small calcareous plates , some of which cover th 
flexible peduncle ; others take part in the capitulum. The calcareous plates are neve'i 
fused. 


Archaeolepas Zittel (Fig. 1439). Peduncle flattened, the two principal surfacci 



Fig. 1430. 

Archaeolepas redten - 
bachm (Opp.). Litho- 
graphic Stone ; Kel- 
heim, Bavaria, i/i* C, 
Carina ; R, Rostrum ; 
S, Scutum ; T, Tergum. 


A 



Fig. 1440. 


A , Loncula Iwwwhm Zitt. 
Senoman ; Dulmcn, Wost- 
plialia. Vi* B, 0, Lorirn/n 
synaca Dames. Cenomanian ; 
Lebanon, i/i and %. 



Phi. 1441. 

SaalpeHnm gallioum 
II Abort. Upper Cretace- 
ous ; Moudon, near Paris. 
3/ t (after Hdbert). 


with four to six, the narrow sides with two columns of small scales. The capitulun 
is composed of triangular scuta, two large trapezoidal terga, a short unpaired carina 
and a minute rostrum. Upper Jura to Lower Cretaceous. 

jOoricula Sowb. (Fig. 1440). Peduncle squamous. Capitulum with two scuta 
two terga, four lateralia and a very narrow carina. Cretaceous. 
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Pollicipes Leacli (Polylqias Blainv.). Oapitulum composed of numorouH (eighteen 
to one hundred) plates, among which the scuta, terga, rostrum and carina are din- 



Fia. 1442. 


Capitulum of Sccdpcllim /osmium Darwin. 
Upper Oretaceoun; Norwich, England. a /x- 
C, Carina ; L, Lateralo suporiuH (uppor latu.s) ; 
It, Rostrum ; H, Scut.mn ; T, Tergum ; d, 
Carmo -.latus ; %l, Inl'ra - median latus ; rl, 
RoRtral latus ; mi, Sub-canna ; nr, Sub-rostrum 
(after Darwin), 



Pio. 1443. 

Hcalydlum /omnium Darwin. 
Upper Cretaceous ; England. 
Carina mucli enlarged (alter 
Darwin). 



Fiu. 1444. 


Lppns uomti/era Linn. 
Recent; Mediterranean. C , 
Carina ; P, Peduncle ; 6% 
Scutum ; T, Tergum. 


tinguishable by their size. Lateralia generally in two columns. Peduncle mem- 
branous with minute scales. Upper Jura to Recent. Doubtfully recorded from 
the Silurian. 

Squama , Stramentum Logan. Upper Cretaceous (Niobrara) ; Kansas. 

Scalpellum Leacli (Figs. 1441-1443), Capitulum with twelve to fifteen pieces, 
Terga and scuta much larger than in Pollicipes a*id of 
very characteristic form. Carina narrow, long, with 
arched surface. Peduncle covered with fine scales, 
rarely naked. Cretaceous to Recent, and doubtfully 
recorded from the Silurian. 

Lepas Linn. (Fig. 1444). Peduncle naked. 

Capitulum consisting of only two very large tri- 
angular scuta, two small terga, and a single carina. 

Pliocene and Recent. 

Poocilasma Darwin. Capitulum consisting of Fia. 144 n. 

three, five or seven pieces. Carina extending only to nmchyiepas mumnti (Hubert) (^* 
base of the terga, the latter sometimes wanting. 

Scuta sub-oval. Tertiary and Recent. I, upper latus ; t, tergum ; r, carina ; i.s. 

imbricating plates. Vi (after Withers). 



Family 4. Brachylepadidae H. Woodward. 

Shell sessile , with a large number of plates , the arrangement of which indicates a 
transition from the Lepadidae towards the Balanidae . 

The single known genus Brachylepas H. Woodward (Fig. 1445) occurs in the 
Upper Senonian of England and the continent of Europe. 
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Family 5. Verrucidae Darwin. 

Shells sessile and composed of six pieces. Of the scuta and terga only those of one 
side are free the others being fused with the rostrum or carina. 

The solitary genus Verruca Sclium., ranges from the Cretaceous to Recent. 


Family 6. Balanidae Darwin. (Acorn Barnacles). 


Shell obtusely conical, circular or oval in cross section , with broad, often calcareous 
and cellular base; composed of four to ten “ compartments” more or less completely fused 

at their sides, and two pairs of free terga and scuta 



Fig. 1446. 

Diagram of the shell of Bahmus. It, 
Basis, C, Carina; CL, Can no - lateral 
compartment; L, Lateral compartment ; 
R } Rostrum ; RL, Rostro-lateral com- 
partment. Bach valve or “compart- 
ment” consists of a central “panes” (p) 
flanked by “alae” (a) or “radii ” (r). 


which close the upper aperture like an operculum. 

Of the lateral plates which compose the crown - 
shaped immovable test, two are designate*! as carina 
A Ji (t 



Fig. 1447. 


Scutum and targum of Jialaniw. A , Kxlm'nul aspect of torgum, 
showing “ spur ” below and “beak "above. It, Internal view of 
scutum, showing muscular scar (.r). (\ Internal view of torgurn 
(after Darwin) 


and rostrum, the pieces lying between and occurring in pairs being called later alia. II 

additional plates are inserted 
among the latoralia, they are 
termed according to their position 
rostro - or carino~ later alia. The 
scuta and terga lie free on the 
back of the animal, and in fossil 
forms are generally lost. They 
have a very characteristic form, 
and hence are of great systematic 
importance. Since among fossil 
species, however, only the mar- 
ginal plates are for the most pari 
preserved, the determination d 
their structural characters is often 
quite uncertain. 

Balanus Lister (Figs. 1440- 
1449). Shell low, conical oi 
cylindrical, composed of six pieces. Opercular plates sub-triangular ; base membranous 
or calcareous. Eocene to Recent 

Protobalanus Whitf. Affinities doubtful. Composed of twelve plates, of whicl 
the carina is the largest ; rostrum small, lateralia in five pairs, fused only near the 
base. Middle Devonian. 

Acasta Leach. Shell composed of six solid pieces. Base calcareous, cup-shaped 
epizoic on Sponges and Alcyonarians. Pliocene and Recent 



SUBCLASS IX 


EUCRUSTACEA — CIRRIPEDIA 


747 


Pyrgoma Leach (Greusia Blainv.). Shell formed of a single piece. Base cup- 
shaped or sub- cylindrical ; epizoic on Corals. Lo\yer Devonian (?). Tertiary and 
Recent. 

Palaeocrcusia Clarke (Fig. 1450). Affinities doubtful. Shell in one piece, with 
a deep cylindrical base ; epizoic on corals. Lower Devonian. 

Goronula Lam. Composed of six la ter alia, with thin, deeply folded walls dividing 


Flo. 14.00. 

Palaeoercusia devomea Clarke. 
Embedded in Fa mites. Middle De- 
vonian (Onondaga limestone) ; Le 
Roy, New York. 

the interior space into chambers .which open at the lower side of the shell. Base 
membranous ; epizoic on whales. Pliocene to Recent. 

Ghthamalus Ranz. (Enraphia Conrad). Shell depressed, composed of six pieces. 
Base membranous. Cretaceous, Miocene and Recent. 

Paohylasma Darwin. Shell in the young with eight pieces, which afterwards become 
six, or by coalescence of the lateralia are apparently reduced to four. Base calcareous. 
Pliocene to Recent. 

Superorder 5. MALACOSTRACA Latreille. 

Eucrustacea having , in Recent forms , typically fourteen (rarely fifteen) body - 
somites besides the telson. All the somites (except the fifteenth) bear appendages 
which are differentiated into two groups , a thoracic of eight and an abdominal of 
six pairs . 

The classification of the Malacostraca has undergone considerable modifi- 
cations at the hands of zoologists within recent years, and further research is 
necessary before some of the fossil forms can be assigned to their proper 
places in the newer arrangements. 

The basis of the new classification is the recognition of the fact that what 
has been called the “caridoid facies” is a common inheritance from the 
primitive stock of the Malacostraca (possibly excepting the Phyllocarida), 
and does not imply close affinity between the various groups presenting it. 
The chief characters that go to make up this facies are the stalked eyes, the 
scale-like exopodite of the antenna, the thoracic carapace, the natatory 
exopodites of the thoracic limbs, the large and ventrally flexed abdomen, 
and the “ tail-fan ” formed by the uropods and telson. The group “ Schizo- 
poda ” has long served as a receptacle for primitive forms possessing these 
characters, and its dismemberment into the three orders, Anaspidacea , 
Mysidacea and Euphausiacea, is attended by the inconvenience that the 
characters distinguishing these orders are but rarely to he discovered in 
fossils. 
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Following is the scheme of classification here adopted : — 

Series I. Leptostraca. 

Division A. Phyllocarida. 

Order Nebaliacea. 

' Series II. Eumalacostraca. 

Division A. Syncarida. 

Order Anaspidacea. 

Division B. Peracarida. 

Order 1. Mysidacea. 

„ 2. Cumacea. 

„ 3. Tanaidacea. 

„ 4. Isopoda. 

„ 5. Amphipoda 

Division C. Eucarida. 

Order 1. Eupbausiacea. 

„ 2. Decapoda. 

Division D. Hoplocarida. 

Order Stomatopoda. 


Series I. LEPTOSTRACA Claus. 

Division A. PHYLLOCARIDA Packard . 1 

Order 1. NEBALIACEA Caiman. 

Abdomen of semi somites (in the Recent forms), the last of which is without 
appendages, and a telson bearing a pair of movable f ureal rami . Carapace present , 

1 Literature: Salter, J. TP., On some new Fossil Crustacea, etc. Quar. Journ. Oeol, Sou., 1 850 62, 
vols. xii., xix. — On New Silurian Crustacea. Ann. Mag. Nat. Hist., 1860, vol. v. -Half, J., 
Palaeontology of New York, 1859, vol. lii. — 16tli Ann. Kept. N.Y. State Cabinet Nat. Hist, 1 8613- 
— Woodward, II. , On a new Genus of Phyllopodous Crustacea. Quar. Jouru. Ceol. Soe,, 1866, 
vol. xxii. — Geol. Mag., 1872, 1882, 1885. — Clans, (l, Ueber den Ran und die Hystematiselie 
Stellung von Nebalia. Zeitsclir. wissensch. Zool,, 1872, vol. xxii. — Ubor den OrgauismuH der 
Nebaliden. Arb. zool. Inst. Wien, 1888, vol. vni. — Bamtndr, J., Systf*mo Hilurien du centre de 
la Boheme, I. Suppl., 1872. — Mtheridge, It, On Rithyrocaris andAnthrapalaomon in Scotland. Quart. 
Journ. Geol. Soc., 1879, vol. xxxv. — Whitfield, R. IK, Notice of new Forms of Fossil Crustacea, 
etc. Amer. Journ. Sci., 1880, vol. xix. — Clarke, J. M., New Phyllopotl Crustacea from the 
Devonian. Amer. Journ. Sci., 1882, vol. xxixi. — New Discoveries in Devonian Crustacea. Ibid., 1888, 
vol. xxv. — Ueber deutsche oberdevomsche Crustaceen. Ncuos Jalirb., 1884, vol. i.—On the 
Structure of the Carapace in Rhiuocaris, etc. Amer. Nat., 1893, vol. xxvii.~~14th Kept. State 
Geol. N.Y. I., 1898. — Beecher , 0. Ceratiocarida, from the Upper Devonian Measures. 2nd Geol. 
Snrv. Penn. Rept, PPP, 1884. — Idem, Revision of the Phyllocanda from the Chemung and Waverly 
Groups of Pennsylvania. Quar. Journ. Geol. Soc., 1902, vol. lviii. --Jones, T. It., and Woodward , 
H., Various Papers in Geol. Mag., 1884—94, and Reports 1-12 of Comm, on Fossil Phyllopoda, Brit. 
Assoc. Adv. Sci., 1883-95. — JVovdk, 0., Remarques sur le genre Aristozoe. Hltzungsber. bohm. 
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with a movahly articulated rostral plate. Eyes pedunculate ; thoracic limbs foliaceons ; 
no brood-plates (oostegites) ; first four pairs of abdominal limbs biramons, last two 
pairs reduced. 


This definition is based on the characters of the liecent genus Nebalia 
(Fig. 1452) and its allies, which Packard first grouped together under the 
name Phyllocarida with the fossils described below. Many of the fossils, 
however, show important differences from the Recent genera (e.g. in the 
number of abdominal somites) which may eventually require the establishment 
of new orders if they are to bo retained within the division of Phyllocarida. 

Cephalic appendages have not been satisfactorily determined in any fossil 
species, although traces of them have boon noticed in a few genera ( Gryptozoe , 
Geratiocaris , Rhinocaris). In the absence of contrary evidence there is reason 
to suppose that the appendages of the head, thorax and abdomen were 
after the type of Nebalia , since there is close correspondence in tho form of 
carapace, rostrum and abdomen. Owing to the non-preservation of limbs, 
distinctions within the group are based principally on differences in the 
structure of the carapace, and in number of body - segments. Several 
fossil genera (Echinocaris, Rhinocaris, Mesothyra) boar 
a distinct optic node or pit, suggesting a sessile 
simple eye in contradistinction to tho stalked facetted 
eye of Nebalia. In those genera, also, largo cuspidate 
masticatory organs (Fig. 1451) have been found, 
which were apparently attached only by means of 
muscles; these are compared by H. Woodward with 
tho gastric teeth of tho lobster. From the Middle 
Cambrian of British Columbia Walcott has described 
wonderfully preserved specimens of Phyllocarida 
(new species of Ilymenocaris , etc.) showing append- h/j i. 



ages, which will probably repay 
investigation. 


more detailed (Jastrjc tooth of Echinocaris 
punctata Hall. Hamilton; 
Pratt's Falls, New York, i/i* 


Suborder A. NEBALHNA Clarke. 

Carapace folded, uriivalmd and rostrate. 

Family 1. Nebaliidae Baird. 

Cephalic appendages five, thoracic eight, abdominal eight, terminating in two caudal 
spines. No metamorphosis ; development direct. 

Nebalia Loach (Fig. 1452). Represented by a few marine species inhabiting 
shallow waters. Paranebalia and Nebaliopsis are also Recent and marine. 

’Akad. Wissens., 1885. — Ibid., 1886.— On Occurrence of a New Form of Disciuocaris in Bohemia, 
Geol. Mag., 1892, dec. 3, vol. ix. — Sars, G. 0., Report on the Phyllocarida (Leptostraca). Rept, 
Challenger Expedition, 1887, vol. xix. — Hall, J. and Clarke, J. M., Palaeontology of Now York, 
1888, vol. vii. — Whitfield , R. P New Genus of Phyllocaridae. Bull. Amor. Mus. Nat. Hist,, 
1896, vol. viii. — Jones , T. R., and Woodward, II. , Monograph of the British Palaeozoic Phyllopoda 
(Phyllocarida, Packard), Part iii. Palaeontogr. Soc., 1898. — Clarke, J. M., Some Devonic and 
Siluric Phyllocarida from New York. 54th Ann. Rept. N.Y. State Mm, 1900 {}§$%).■- -Walcott, 
0. D., Middle Cambrian Branchiopoda, Malacostraca, Trilobita and Morostomata. Smithson* 
Misc. Coll. 1912, vol. Ivxi. No. 6. 
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Suborder B. HYMENOC ARINA Clarke. 

Nebalia-UJcfi forms with folded unmUved carapace ; rostrum want inti ({). 

Family 1. Hymenocaridae Walter. 

Body with eight to nine thoracic and abdominal segments, and, she caudal spines i) 
three pairs. 

Hymenocaris Salter (Fig. 1453). Carapace narrow in front, very bmml posteriorly 
convex ; surface smooth or faintly lined. Cambrian ; Wales and British Columbia. 



i A r ., ifttMCtiittutrh rmtifonnln Mnltor. 

i?io. 14 .)^. Uppw (Jamlu’inii ; noisily, WftlSH, 

Ncbalm geoff)^ M Edw. Recent ; Mediterranean. «/j. i/i Hallei), 


Several peculiar genera described by Walcott under the names of llnrdia , Tutioia, 
Odaraia, Fieldia and Carnarmnia, from the Middle Cambrian of British Columbia, 
are doubtfully referred to this family. 

Suborder C. CERATIOCARINA Clarke. 

Carapace Uvalved, with a median symphysis and a free rostrum , 


Family 1. Ceratiooaridae Salter. 

Carapace pod-shaped , smooth and without eye-nodes. 

Ceratiocaris M‘Coy (. Entomocaris Whitf.) (Fig. 1454). Valves of carapace elongate, 

Hub-ovate or sub-quadrate, 

M 4 yt). ( narrow in front, sub- 

jpXX 1 truncate, but not in- 
t \ „ Jd ^MpV\mS^ eurved behind. Surface 

/; ' \ \\C /' without node# or earinac. 

/\\$* V !. * ; tt Antennae (?) olmcure; Hup- 

l>o«ed gastric teeth large, 

fjgf meats fourteen or more, 

Ifim/ Fiq. 1404. four to Bevtm extending 

f[/ff Cemtwcarvi papUto Saltor. Ordovician ; Lanark- beyond tile mnipaec, HOme 

111 shIr6 * a» Traces of antenimles (?); in, Tootlind plates, A * w nU 

f w poBHibly the mandibles , r, Rostral plain. l/j (after tilUil With OUHCUre 

i h. Woodward). branchial appendages 

(uropods). Telson long, 

lose on the edges ; two lateral appendages or cercopods. Abundant in Ordovician 


Fiq. 1404 . 

Cerafoucwnti papiho Saltor. Ordovician ; 


spinose on the edges ; two lateral appendages or cercopods. 
and Silurian ; Europe and North America. 
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CardioUtcs Nidi. Supposed tracks of Geratiocaris (#). Silurian ; Scotland. 

Gary oc.ans Sailor. Carapace smooth, narrow, sub-acute in l’rcmi, iliick. Abdomen 

unknown ; caudal plate with three apinon. (Janihrian ; Wales. 

Physocan's Salter. Carapace bladder-sliaped, pointed in front, bivalved ('(), Hinooth, 
Abdomen smooth ; telson longer than the ecreopods. Silurian. 

Lmyidoatris, N 'accocaris Sal tin*. Very inip(*rfect remaiiiH of Crustacean bod ion* 
Jjinguia Flags ; Wales. 

Amnthot'tms Peach. Carapace small, with a blunt .snout in front ; surface Hinooth. 
Hotly segments numerous, seven exposed beyond the carapace. Telson long; ccreupods 
short or rudimentary. Lower Carboniferous ; Scotland. 

A "iphidiocaris Jones and Woodw. (emend.). Known only by its long curved blade- 
like telsou. Silurian (Ludlow) ; England. (A", mm Salter.) 

( Iryptoxoi t Packard. Carapace smooth, broadly rounded in front; imperfectly 
known. Coal Mcohupch; Illinois. {(1. prohlmutUcus Packard). Probably congeneric 
with the Carboniferous species named (ImUiotnris oreUmmsis and (1. trnneata Woodw., 
in which traces of four cephalic appendages have )>een found. 

(hlpocaris Meek. Carapace smooth, with deep anterior marginal sinus and sharp 
extremity. Caudal plate with three HpiiMH. Lower Carbon ifero us ; Kentucky. 


titrigocaris Vogdes (>S iolenocans Meelc). Carapace narrow and elongate, with 
longitudinally striated surface ; vory imperfectly known. _____ 

Lower Carboniferous ; Kentucky. 

Nothotiofi Hammde. Doubtfully assigned here. Ordovi- 

Phasyanocaris Novtik. Known only from the aldomen 7 * 'lu 
and telson. Last segment long, cylindrical, with strong § JBF / fLujl] 
articulation. Telsou articulated to the cercopods by deep * llfll/ 

sockets; edges spinose, Surface scaly. Lower Devonian; VHr MB] 

Macrocaris Miller. Carapace valves very narrow in 
front, broad behind, strongly lineate. Body segments Wl 

numerous. Lower Carboniferous ; Kentucky. PjlUt 


Family it. Bohinocaridae Clarke. 

Oampace elongate or oval, with nodes (mmmfar or seg- 
mental) in the cephalic region , one of which in each valve 
way bo ocular (ml bears no optic pit ; one or more lateral 
uU . jij, carinae usually pmmt, 



A free rostrum has been // I ^ 
observed in some genera, // 1 ^ 

tiehinooaris Whitf. ' \ 

(Figs. 1451,1455), Hinge I 

short, carapace sub -oval, vw. hm. 

broad in front, not in- KrMtwmH* punctata (Hull), 
curvwl behind, no postoro- ft™' 1 
lateral spinules; a single 

sigmoid earina on each valve, sometimes a small 
accessory ridge near the hinge, Surface punctate 
and pustuloae, no longitudinal Htriations. Of the 
body segments, six are exposed and bear small 


Vuu 1456. 

Ptplirlcarl# Iwn'liiUtUu Olarko, Chemung 
Group ; Mtvwl, Now York J/t (after 
Clarke). 


spines on their surface and posterior margins. 
Telson and cercopods are spines of unequal size. 
Middle and Upper Devonian ; North Amorim. 
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Pephricaris Clarke (Fig. 1456). Carapace as in Hie last, hut without, tin* lateral 
carinae. Margins provided with a single row of long recurving spines. Three or 
four abdominal segments protrude beyond the carapace, the hist two having a single 
pair of long spines. Upper Devonian; New York. 

Aristozoe Barr. ( Bactropns Barr.). Carapace with cephalic node well developed, 
but without lateral carinae. But one abdominal segment known, and this is very 
long, cylindrical, with an intricate hinge at the articulation with the caudal spines, 
Telson a long spine with a row of spinules on each lateral edge. Novak has shown 
that of Barrande’s three species, Aristozoe regina , Bactropas longipcs and (!<rtth'oc«rh 
debilis , the first represents the carapace, the second the last abdominal segment, and 
the third the telson of one form, A. regina. Devonian ; Bohemia. Species referred 
to the same genus have been described from the Cambrian of North America and 
Devonian of Germany and Russia. 

Orozoe and Callizoe Barrande are presumably allied to Arhtozoe, Silurian ; 
Bohemia. Zonozoe Barr, and Solenocaris Young are not Crustaceans. 

Eleutherocaris Clarke. Carapace elongate-subquad rate, truncate, in front, incurved 
behind; rostrate (?). Broad, obscure nodes in the cephalic region; lateral carinae 
single, anterior and very short. Body segments unknown ; caudal plate, with a 
slender telson and cercopods of equal length. Surface of all known parts more or loss 
strongly tubercnlated. Upper Devonian ; New York. 

Ptychocaris Nov&k. Yalves elongate-subquad rate, posterior margin doping or 
slightly incurved. Cephalic region with a cluster of small nodes in front, and two 
larger nodes behind. Lateral region with a single long sigmoid carina. Surface 
striated with raised longitudinal lines. Abdomen and tail unknown. jjower 
Devonian; Bohemia.. 

Elymocaris Beecher. Surface of carapace evenly convex, smooth, without lateral 
carina; hinge line long; posterior margin convex; cephalic 
nodes obscure ; rostrum not observed. Alxlomen with two ex- 
posed segments; caudal plate short, with broad convex, rapidly 
tapering telson and two cercopods, Hctigerous on their inner 
margins. Middle Devonian; New York. Upper Devonian; 
Pennsylvania. 

Tropidocaris Beecher (Fig. LI 57). Carapace with truncate 
posterior margins; ocular node well defined, other cephalic 
nodes obscure; rostrum narrow and ridged; surface of valves 
with several strong longitudinal carinae. Alxlomen with two 
b 2“ ch^Sg exposed segments, which are sub-cylindrical and without 

Group; Warren, Penn, spinules. Upper Devonian and Lower Carboniferous ; Penn- 
Carapace and rostrum, if, ’ 

(after Hall and Clarke). syJvaiua. 

Emmelezoe Jones and Woodw. Yalves of carapace elongate, 
narrow, and with distinct ocular node; other cephalic*- nodes wanting. Surface with 
fine longitudinal raised striae. Abdomen unknown. Silurian. 

Suborder D. RHINOC ARINA Clarke. 

Carapace with a free rostrum and narrow median dorsal plate s^aratrd from the 
valves by a straight or slightly curving hinge at each side , Ocular nodes Hearty defined, 
with a distinct optic pit at the summit* . J 



Family 1 . Bhinocaridae Clarke. 

Valves articulated by interlocking at the single point where thmj come in contact* 
Abdominal segments two to three . Posterior margin of carapace concave and spirmL 
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Rid linearis Clarke (Fig. 1-158). Carapace smooth, with him rained longitudinal 
striae; divergent, branching furrows radiating backward from the eyes. Lateral 
carina very faint. Abdomen with two or three, free se.gme.nis, the last tnueli longer 
than the others ; all diagonally striated or e.hevronod. (Jaudal plate with a broad 


A r k 



Km. M*iH. 



lihinw/u'iH tnhimhhut (lluHu*. Hiiiti- 
iliort Clmwp; < Janamlalgim I<ako, New 
York. .1, K, UorHitl utul lal,oral views of 
nnimiil. //, />, Name of rostrum, en- 
laj'Ked. C, Median plate, enlarged. 


,1 It 



Kiel. imbht. 

Afcitnthum octant Urtll. Portage Group 
(Uppor novoniftn); Ithaoa, Now York. 

Ky«. ft, Ilingo of right valve. i/ x * 



Vtu. 14M). 

Mmttltjtm ormnl Hall. Upper Unvcmtan; New 
York. RenonHtme.tion of carapaco and abdomen. 
Va (after Hall and Olarkn). 


tolson and two long and Blender cercopods fimbriated on their margins. Middle 
Devonian ; Now York. 

Mmthym Hall and Clarke (Fig. 1450). Carapace large, valves distinctly inter- 
locking at point of contact, Lateral carinao strong, crenulatod at the summit, 
Abdomen with two broad, exposed segments. Telsoti shorter than the corcopods, 
the latter setigerous. Upper Devonian ; New York. 


Dithyrocari a Scouler (Aryan Scotilor). Very similar in aspect to Mwolhyra, 
with the junction line of the valves overlapped by a (free ?) rugose ridge or narrow 
interstitial plate. Eoatrum not observed. Devonian and Carboniferous ; Scotland. 
Rachura Souddor, known only from the abdomen and telson, is probably allied to 
fHtkyrocam, Carboniferous ; Illinois. 

Ghamocaris Jones and W. Carapace valvtss with a very strong lateral ridge and 
without posterior spine. Carboniferous ; Scotland and Belgium, 
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Suborder E. DISCINOCARINA Clarke. 

Hub-circular or oval shields 'with a triangular rostinm Jillhuj an anterior ant eh. 
Surface ornamented with raised concentric lines. Substance chi tin on s. 


Family 1. Discinocaridae Woodward. 
Test convex , sometimes mesially ridged ; in a single piece. 


Discinocans 



Woodw. Shield sub-circular, rostral notch and rostrum angnhit. 
Abdominal segments and caudal spines have been referred to this 
genus by Jones and Woodward. Silurian; Great. Britain, 
Bohemia. 

Aspidocaris Reuss Similar to Piscinoearis. Uaihl Beds 
(Upper Trias) ; Hallstadt 

Dipterocaris Clarke (Fig. 1460). Shield with a deep posterior 
notch, shorter than the anterior or rostral notch. Sides of shield 
sloping. Silurian ; Scotland. Upper Devonian ; New York. 


Pig. 1460. 

Dipterocarw ret until * s 
il’Arch. and Vern. De- 
vonian ; Eifel. i/i* 


Family 2. Peltocaridae Salter. 
Shields mesially sutured. 


Peltocaris Salter. Circular shields with a rounded rostral 
Abdomen unknown. Ordovician ; Great Britain. 

Aptychopsis Barr. (Fig. 1461). Like Peltocaris, but, with tin* 
rostral notch angular. Silurian ; Bohemia and Great Britain. 

Pinnocaris Etheridge. Similar to Dipterocaris , but bivalved. 
Ordovician; Scotland. (P. lapworthi Etheridge jitn.) 


notch and plate. 



Fir-. MSI, 


1/iOfr / jh/i.s/n /i Hunt' 

Addendum. Hun, onimlnitu 

HnujIK, Hulii-mm. i /, 

A number of generic names, such as Gardioearis (Fig. * n,tn 

Ellipsocaris , Pkoladocaris Woodward, and Spat hi near! s Clarke, 
have been applied to Devonian fossils which closely resemble the 
Silurian IHscinoearis , of whoso Crustacean nature there seems to 
be no doubt. Some of these bodies, however ( Gardioeari *), have 
been found in the living chamber of (lonialitoH (IL intnww* uis), 
and have undoubtedly served as oporcula or aptyehi of the.se 
Cephalopods; of others the nature is not fully understood. 
Lisgoccvris Clarke is not a Crustacean ; Grgptovaris 1 (arrant! e is 
probably the operculum of a Tlyolithoid ; Mi f oca ns Salter is 
stated to be a Pelecypod ; Prorimrip Baily was founded on 
u p p ? e Y° m 'De-voni&ri ] P arts of Geratiocaris ; Omcentilla and Pteromru Barrande are 
JBiidtisiieim, BifeL Vi ’ doubtfully Orustaccan. 



Fig. 1402. 
Cartlioeans 


Series II. EUMALAOOSTRACA Grobben. 

Abdomen of six somites, all of which may bear appendages, and a telmn which 
never bears movable fwrcal rami. Thoracic limbs rarely all similar, typically 
pediform. 

The remains of Crustacea presenting the primitive “ caridoid facies,” as 
described above, occur in the Carboniferous, and it may bo that the Kumala- 
costraca had their origin in that epoch. If certain Devonian fossils are 
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correctly assigned to Urn Isopoda, however, the origin of the scries must 
have been considerably earlier. 


Division A. SYNC ARID A Packard . 1 

Order. ANASPIDAOEA Caiman. 

(^irapace absent. First thoracic, somite fused with the. head , or defined therefrom 
by a, yroorc . Ft/es pedunculate or 

sessile. Thoracic. leys lyrical Iff with 
avopodites ; no oast exiles, (fro pods and 
f el son. forming a, tail fan. 

The name Hyn 
car id a was applied 
by Packard to a 
group of Carbon i 
forous and Per* 
mian Crustacea of 
which the ailinitios 
long remained ob 
seuro. The dis Km. moo. 

COVOry, in the Utsmmhtc Tlmimrnn. (tmmtp ; ToMtimniib Male, ! Vj* “Cervical 

amove"; ii, vlii, Mneoiul mid eighth thurueie HomiteH; 1, (I, Inixt and Hlxt.li ul>- 
Ttesn wai.eis or (lnmiual Huni j ll( , H oahmin). 

Tasmania and 

Australia, of living forms with similar characters has thrown a new light on 

,i t n 


fttlfwmrfo tmw* Meek and Worthnn. Coal McHHtirert ; UHiioIh, A, KoHtomtion of body, omitting oyeH, 4/e 
It, TiMmoii mid umpodH, rt/j (after Packard). 

the subject, and reinvestigatiou of some of the fossils has only emphasised 
their close agreement with the Recent Atmpides (Fig, 14-63) and its allies. 

Of the fossil genera, Palaeocaris Mock and Worthen (Praeanaspides 

1 Literature: Jordan, tl., and Meyer, //, em t OruHtacemi dor Htdnkohlonformation von 
Baarbriickcn. Palaoontogr,, 1854, vol. 1 v.-timcc/ii, 7\, Noto Hur tin Oruntacifs oto, Hull. Hoc. 
(Mol. France, 1880, srtr. if, vol, vili. -Packard^ A . K, On the Hynearida, etc. Mom. Nat. Acad, 
Hoi. Washington, 1886, vol. ili.- -Thomson, <t, M., On a freshwater Bchlzopod from Tasmania, 
Trans, Linn. Hoc. London (2) Zool., vl., 1894.* Miatman, IP. T , , On the Genua Anaflpldtin, etc, 
Trans. Ray. Hoc. Mdinlmrgh, 1896, vol, xxxvill,, pt. Iv,--On Plcurocttrin, etc. Goal, Mag., 
1911, doc. 5, vol. vlH. Fr finch, A Fauna dor Oaskohlo, 1901, vol. lv., I Toft ft, OritHtacoa, etc, 
--^Woodward, It., Homo Ooal-tneaHuro (JruHtnoeanH, oto. Gaol. Mag., 1908, doc, 5, vol, v. — 
$ayoe, (h A „ On Fonnunf/a cursor, oto. TrmiN. binn. Hoc. London (2) tfool,, xl., 1908.* 
tiwith, (ft, On the AtuiMplcUcoa, living and fossil. Quart, Jaunt. Micro«c. Hot, 1909, vol. IHL 
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Woodward) (Fig. 1464), from the Coal Measures of England and North 
America, is now the most completely known. It resembles .huixpii/es in 
general form, in the segmentation of the body, the pedunculated eyes, the 
characters of antennules, antennae, and even of the minuto mouth-parts, the 
exopodites of the thoracic legs, and the form of the tail-fan. The only 
important difference between the two, apart from the delicate lamellar gills 
which could hardly be looked for in a fossil, is tl»e presence in Pulnm-am of 
a wedge-shaped first thoracic somite, which, in Amspidcs, is fused with tho 
head. 

Uronedes Bronn (Qamvpsonyx Jordan and v. Moyer) (Fig. 1465), from the 
Lower Permian of Saarbriickon, resembles I'alaiwaris, 



big. 1400. Palamrclmtla parallel a 

Uronectes Jimbriatus (Fritsch). Coal Mens- 

(Jordan). Kotlilie- uros ; Lisek, near Boraim, 
gendes ; Lehach, Saxony. Bohemia. V i (after 

r/j. Fntscli). 


the anterior pairs of logs enlarged and 
armed with Rpines. Amnthotelmn 
Meek and Worthen, and Pleuroraris 
Caiman, from the Coal MeaKuroH of 
Illinois and of England roHpoctivoly, 
have tho first thoracic somite fused 
with tho head and may perhaps have 
no thoracic exopodites. Those oxo- 
podites are also stated to bo absent in 
Gasocaris Fritsch, from the Permian 
Gaskohlo of Bohemia. I'alarorchestia 
Zittel (Fig, 1466) and N'eetotetson 
Bronchi, are less completely known, 
and are doubtfully included in this 
group. 


Division B. PERACARIDA Caiman. 

Carapace, when present , leaving at least four of the thoracic somites dint hid ; 
first thoracic somite always fused with the head. Eyes pedunculate, or sessile, 
Oostegites attached to some or all of the thoracic limbs in the female , , forming a brood- 
pouch. 

Of the orders included in this division, two, tho (hmarnt and Timaidacea , 
are unrepresented in the fossil state. 

Order 1. MYSIDAOEA Boae. 1 

The caridoid facies is retained. The carapace extends over the greater part of 
the thoracic region , but does not coalesce dorsally with mm than three, of the thoracic 
somites . 

Among the caridoid forms known from Carboniferous rocks, Pygocephalm 
Huxley, from the English Coal Measures, has recently been shown by 

1 Literature : Sars, Q. 0., Report on tlio Schizopoda. Bcient. Results Challenger KxihkI., 
Zool., xiii., 1885. — Salter, J. W., Higher Crustacea from British Coal Measures, Quart. Jouru. 
Geol. Soc., 1801, vol. xvii.— Etheridge, R., Occurrence of AnthrapaJ.amon in Carboniferous of 
Scotland. Ibid., 1877, vol. xxxiii .—Ortmann, A. II, The Systematic position of Vrango/m*, etc. 
Amer. Joum. Sci., 1897, ser. 4, vol. iv.— Woodward, II., On tho 'genus Pygucepiudm, etc. Qml 
Mag., 1907, dec. 5, vol. iv.— Peach, B. N., Monograph on Higher Crustacea of Carl coniferous Hocks 
of Scotland, Mem. Geol. Surv. Great Britain, 1908. 
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II. Woodward to possess a brood-pouch formed of overlapping oostogites, 
and may therefore be referred, with little doubt, to the Mysidnoen. 
Oranyopsis Salter, from the Lower Carboniferous 
of Scotland and the base of the Wavorly in 
Kentucky is placed Imre by Ortmann, since it 
has the posterior thoracic somites distinct beneath 
the carapace. Anthrapalae.mm Salter (Big. 14 07), 

Pseudoyalathea, Tealliocaris, and Palamnysis Peach, 
all from the Carboniferous, have also been referred 
to this order. 

Order 4. ISOPODA Latreille. 1 

Both/ ns mlh/ broad and depressed. ( htrapace 
absent ; first thoracic somite, rarely also the second, 
fused with (he head. Abdomen short , the last somite 
almost always coalesced with the telson . Eyes sessile. 

Thoracic limbs without exopodifes. Abdominal limbs 
lamellar, branchial. 

Of tho earlier f.msiln that have been referred tlon , . /l((l „ w sieok.m.i Wnrtim,,). 
to this order, Oxyuropoaa Carpenter and Swain 

(Fig. 1468), from tho Devonian of Ireland, 
has the strongest claim to bo regarded 
as an Isopod. Its appearance earlier 

1 literature : A. On Recent Forms.- lifddard, 
b\ Ii., Report on tho Isopoda. Hoi. KosuUh OlmUcngor 
Nxpwl., 7m t, xl, 1885.- II. J,, iHopodnn, 

(hmmooan uiid Hlomntopodctn Plankton -Kxpedition. 
Mrgwhn. Plankton- Kxpcd., ii., 1895,- him*. On tho 
Family Npimoromidae. Quart. Jnum, Mierofut. Hot, 
1005, n.H. vol. xlix.* -If font, K. J Rcvtoion of tho 
Idote.ldau. Journ. Mnn. Boo, London, 1883, vol, xvl 
■ AlicJwrdsmi, //., Monograph on Hit* l»opo<l« of North 
America, Hull. l/.S. N At. Mu«., 1905, vol. liv. — 
Sant) <7. 0„ An ae, count of tho CJrufttaeoa of Norway, 
vol. ii. Isopoda, Bergen, 1896 99. 

B. On Fosiiil Forms. — Amrni , U von, Beitrag aur 
Koimtnhw dor fomilmL AhhoIu. SltJuiugHber, Bayer* 
Akatl, Wins., 1 882.— Andrfie, Al, tfur Kenutniwi dor 
OruMtacsewi-Gattung /I rihroplntm Jordan. Palaoontogr,, 
1910, vol. Ivii .-"(JMt&r, J ti On fo««il Isopodw. Ueol 
Mag., 1889, doc. 8, vol. vi ,-fcfdii, It. Milne, Hur 
doux oruetacAa foHHilos. Ann. Bed. Nat. Stool, 1848, 
Hi'tr. 2, vol. xx.— Idem, On ArohaooniicuH. Ami. Mag. 
Nat. Hint., 1844, nor. 2, vol xiil. - - -4-» 

OruHtacoon von HoUmhofen* Sfaitnohr. Doutooli. G«ol 
Ocu., 1870, vol xxil — Meyer, II, wot, Unbar Palam • 
niftcus oHneutt. Pulaeontogr., 1858, vol. v.- -litmmixa, 
H, (I., and Evasion, It „ Proidoteu lutur/i, n.g., map., 
etc. Arch, Stool Fxp4r, Parto, 1910, nor, f>, vol. vl— 
llmM, M„ Ober Palamphaemna uhllyi, oto. Boltr. 
Pal&ont. (I col 0«torr, • Ungam, 1903, vol xv.-- 
Fio. H08. Woodward, II., Bovoral paper* in Trans. Waolhope 

Otyitropotla UginKilto Onrp. and Swain. Upper Field Club, 1870 ; Goal, Mag., 1870, doc. 1, vol yil ; 
Old lied SandBtone ; Klltoroan, Ireland, a, 1890, doc. 8, vol vti, ; 1898, dec. 4, vol v. - -Idetn, 
Portion of witonna: a CJUela Cl); «, Kye{ «, On M/iUMa, etc. Quart. Journ. Ueol got*,, 1879, vol 
ThK* xxxv.-Oymlw (f. II., fti.d fhmfoj, /., A DnmUu 

*/( (after Oarp(»nt«r and Swain), Import. Proc. Roy. Friuli Aoad., 1908, vol xxvil 
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than the primitive caridoid forms may, however, justify some suspicion as 
to its affinities. Praearcturus Woodward, from the Old Red Sandstone of 
Herefordshire, has very slender claims to be admitted into 
this order, and the same nuiy bo said of - / uiphipvlt is Salter 
(Devonian of Nova Scotia), and ArthropUaim Jordan (Coal 
Measures). 

Undoubted Isopods appear in Secondary rocks. Unfa 
Munster (Fig. 1469), from the Kimmoridgian of Solonhofen, 
has some very peculiar characters in which it approaches 
the males of the Recent Gnathia, differing, however, in the 
large size of the eyes. (hjdosplmnma Woodward, from the 
Great Oolite and Purbock, resembles in general form some 
Recent members of the family Sphacromidae, as do also 
Archaeoniscus Milne Edwards (Fig. 1470), from the English 
LittIograpine ,ft ston?; Purbeck and Eosphaeroma Woodward (Fig. 1471), from the 
Eocene and Miocene. Palacga Woodward (Fig. 14 72), 
Cenomanian and Oligocone, has a general resemblance to 
the Recent Aega and allied genera. Proidoka Raeovitza and Sevastos, from 



Fig. 1469. 


A 



Fig. 1470. 


A, Arcihqeonvtcus brodci 
M. Edw. Purbeck ; Vale 
of Wardour, Wiltshire. »/i 
(after Woodward). B, Frag- 
ment of matrix. Vi (after 
Quenstedt). 


A 




Fig. 1471. 

A, tioHidiaaromu hrmuniaril 
M. Edw. Middle Oligocene ; 
Butte de Oliaumont, near 
Paris. (after Woodward). 
B f Fragment of matrix, i/j 
(after Quenstedt). 



Fig. I tTil. 

I'uhtt'tttt M'litblmltiftt (v. 
Ammon). Lower Oligo 
mm ; Hit rlt>K» Tyrol, un, 
Antemmej «*, F-vcn ; -/A, 
lJro))od; l* VII, Homclt* 
HognmutH! 00, Abdominal 
wgrimnU, 


the Oligocene of Roumania, is closely allied to the Recent Mnidoim in the 
tribe Valvifera. 


Order 5. AMPHIPODA Latreille. 1 

Body usually compressed laterally. Carapace absent ; first thoracic somite, move 
1 Literature: Date, 0. K, Catalogue of the Amphipoda iu tlio British Mmmuin, 18C2. "Haw, 
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rare lif also l he second . , //mi with the, head. Abdomen short , vent rally flexed, the 
last somite mindly distinct. Eyes sessile. Thoracic limbs without exopod.it es, the 
basal segments usually lamellar , carrying gills. Abdominal 
appendages divided into two sets , the. last three pairs directed 
backwards , styliform . . 

Although various Paleozoic fossils from the Silurian 
(Necrogammarus Woodward) and later rocks have boon 
referred to this order, it. is ordy in the Tertiary that 
undoubted Amphipods appear. Some of these, from the 
Miocene, are referred to the Recent genus (hvmmarns Fabrioius (Fig. 1473),' 
from which Palaeoganmarus Zaddaeh, found in Baltic amber, is doubtfully 
distinct. 


jo a \> m . 

a at imjniHh 
floor. Mlooono ; Oouln- 
gen, BiuImi. M /i- 


Division C. EUCARIDA Caiman. 

(!nr apace coalesced dor sail y with all the lhora.de somites . Eyes pedunculate . 

Mo ooste.gites. 

Order 1. EUPHAUSIACEA Boas. 1 

(iaridoid forms in which none of the thoracic appendages are specialised as 
maxillipeds anti the. gills are in a single series attached to the bases of the thoracic 
limbs. 

Anthracophausia from the Oaloiferous Sandstone of Scotland is described 
by Peach as belonging’ to this group, but the points of resemblance are very 
slight-. 


Order 2. DECAPODA Latreille." 

The earidoid fa, cm may be retained or may be very greatly modified. The first 
three pairs of thoracic limbs are specialised as maxillipeds and one, or more of the, 

<7. O., An uueouut of the Crustacea of Norway, vol. i., Amphiporta, Christiana, 1890* UMfng, 
T. It, It Roport on the Amphlpoila. Hcicnl. Results Challenger Expert,, Zool,, 1888, vol. xxix, 
— Idem, Gummaridea, iu Dan Tierreich, 190(5, vol. xxi, Zaddmh, U., Kin Ampbtpod 1m Bernstein. 
Hchriflon phyaik, -okouom. Ues. Kdnigsborg, 1801, vol. v. 

1 For literature references see under the head of Afystdanea. 

a Literature: A. On Recent Forms, — Alcock, A., Materials for a careinologieal fauna of India, 
nos. 1 0, Journ. Asiatic Hoc. Bengal, 1895 15100, vole, lxiv., lxv., lxvii.-lxix.— Idem, Catalogues 
of Calcutta Museum, 1899 1910, — Hide, (i. K Report on the Orustaeen Macrura. Bcient. Result/) 
Challenger Expert., Zool. , 1888, vol. xxiv. -Jiona, ./. At V. t Ntudier over Deoapodornes SlnogtskabH- 
forhold. Dansk. Vidensk. Solsk. Bkr., 1880, ser. 8, vol i. — flnrcadaile, L. A., Olassilieation of 
Decapod Crustaceans. Ann, Mag. Nat. Hint., 1907, Her. 7, vol. xix, — flauaitr, fl, Hur Vorigino 
homarlenue des CrahoH. Bull. Hoc. Rhilomnth., Darin, 3896, nor. 8, vol. vlii, * -Fatmn, \V. , Rovision 
of tlu» Astae-idne. Main. Mu*. Comp. Zool., Cambridge, 1885, vol, x.-~IdeM, Btalk-oyod Crustacea. 
Albatross Reports, xv. Op. cit 1895, vol. xvill. ■ Hmidman, »/. It., Roport on the Anomura, 
Hoient. Results Challenger Expert,, Zool., 1888, vol. xxvii.* -Herrick, K //., Tho American Lobster, 
Bull, U.H, Fish Comm., 1895, and Bull. Bureau Fisheries, 1911, vol. xxix*- Ihudcy, T. II., On the 
ClttHrtilieation and Distribution of the CraylisheH. Proa. Zool. Hoc., London, 1878.* 'Qrtwcmi, 
A. H. } Die Deeapodon-Krebse des Htrassburgcr Museums. Zool. dahrb, Abtln Hyst., 1890*94, 
voIh. v,-vil, —Idem, Das Rystem dur Deeapoden-Krobso. Op. ciL , 1896, vol. xl M. J. y 
Report on tho Brnohyura. Boi. Results Challenger Export., 1886, vol. xvii. 

B. On Fossil Forms, * T., Monograph of the fossil Maloeostmoous OmHtacea of Great 

Britain. Daleontogr. Boo,, 1857 62.- -HU liter, A ,, Brachyurun rtes vicentlsuheu Tertiargebirges. 
Donkschr. Akad. Wiss., Wieti, 1877*83, vols. xxxiv,, xlvl. — Carter, J„ On Orith apsis tnmmyi. 
Gaol. Mag,, 1872, dec. 1, vol. ix.* -Idem, Contribution to the palaeontology of the Decapod Crustacea 
of England. Quart. JTourn, Geol. Hoe., 1898, vol. liv, Cushman, J. A ., Fossil Crabs of the Guy 
Heart Miocene, Amwr. Nat., 15)05, vol. xxxix,- Malian, A., Description rtes erustaefa fossllcs. 
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following pain an usually chelate. The gills are typically in scnral series attached 
to the bases of the thoracic limbs and to the lateral wall of /he fhonu. 

Although undoubted Decapods have not been recognised in fonnations 
earlier than the Trias, it is probable that some of the earidoid forms known 
from the Carboniferous may be the forerunners of this large and varied order, 


Suborder A. NATANTIA Boas. 


Body usually compressed, rostrum compressed ami serrated. First somite of 
■abdomen not much smaller than the others. Leys shmder, sometimes with .vnpmlites ; 
any one of the first three pairs may he enlarged. Abdominal apjiniilayes leell derctopcd, 
used for swimming. 


Of tlie three tribes which compose this suborder, tin* Pnuttwthu und Mmojn dm 
agree in having the first three pairs ot legs chelate (with a h»w oxeepiioiiH in the 
Penaeidea), and the side-plates of the second abdominal somite not expanded ; lliey 

dillVr in that tin*, third pair of 
W,gK is much larger than the 
first in tin* Htnu y>/Vw, hut not 
in the Pemmlm, Tin* ( *0 rit/vo 
never have tlu» third pair of 
IcgH oholatu, and have the 
Hiclo-plateH of the emmd ab- 
dominal somite exputided to 
overlap those of the somites 
in front and behind. 

Tim Print r id are some- 
what. doubtfully represented 
in the Trias, but a long series of fossils from the Sohudiofen Lithographic Stone can 
be referred with certainty to this tribe. Some of these are included in the Recent 
genus Penaeus Fabricius (Fig. 1474), while Acanthochirus Oppol, lUjhjhn Drohna and 
Dusa Munster are extinct genera. 

The >8 Uenopideco comprise a small number of Recent forms which show some 



Fio. 1474. 

Penaeus meyeH OppeL Upper Jura (Lithographic Htoiifl) ; 
Solenhofon. 1/2- 


Bull, Soc. Gdol. France, 1859, ser. 2, vol. xvi. — Fritsch, A., Ubor die OttliftimmfU dt*r holimUchrn 
Kreide. Abhandl. Bobm. Ges. Wiss., 1868, vol. liv.~ -Knebd, If. mu, Dm Kryonidon ties obemi 
Weissen Jura von Suddeutscbland. Arcb, Biontol, 1907, vol. ii.* * Mire h they, ft., fiber die Hmchy- 
uren der palaont. Sammliing des Bayer. Slaatos Tormoszet FUzotok, Budapest, 18bH, vol. xxl* - ' 
Idem, Beitrage zur Decapodenfauna des ungarischcn Tortiiirs. Math.-naturw. iter, huh Ungaru, 
1898, 1903, vols. xiv., xvm. — Idem, Palfiontol. Studieu uher tortUiren Rwnpottan, O//, cit., JIK)7, 
vol. xxi. — Idem, Beitrrige zur tertiaren Decapodenfauna Sarciliilentt uml Xgypteim. Op. n’t , , 1908, 
1909, vols. xxiv., xxv. — Mark, W. von der , Foasile Fisclio, Krebne mid Ptlanzcn an* der Krekh*. 
Palaeontogr., 1863, vol. xi.—Idem, and SchZuter, C y , Noue Finche und Krebse ana tier Kreide von 
Westphalen. Op. cit, 1868, vol. xv.— Meyer, Jff. von, None Gattungen fossil or Krobse, Htuttgart, 
1840 .—Moericlce, W. } Die Crustacean der Stramberger Scbicliten. Palaroutogr., 1897, Hupplom. 
vol. ii.— OppeL, A., Ueber jurassische Crustacean. Palaeont. Mittheil Mus. Bayer. Htantea, 1862* 
vol. ii .—Ortmaim, A. E., On Linuparus in the Upper Cretaceous of Dakota. Amor. Jouru. Hot, 
1897, ser. 4, vol. i v.—Pilsbry, ff. A., Crustacea of the Cretaceous formation of Now Jersey. 
Proc. Acad. Nat. Sci. Pbilad., 1901, vol. iii .—Fathbun, M. J., Descriptions ot fossil oralis from 
California. Proc. U.S. Nat. Mus., 1908, vol. xxxv.—ftchtMer, O ., Die Mao.ru run- Doonpodcn 
Westphalens. Zeitschr. Deutsch. Geol. Ges., 1862, vol. xiv.— Idem, Kreicle- und Tortittr-Krehse des 
nordlichen Deutschlands. Op. cit., 1879, vol. xxxl—fdm, Podoarates im Bmmn von 
Braunschweig. Op. cit., 1899, vol. Ii .—Stmpson, W., Fossil Crab from Gay Head. Joum. 
Boston Soc. Nat. Hist., 1863, vol. vii. — Triholet, M., Descriptions des erustaetW tin terrain 
n^ocomien. Bull. Soc. Gdol. France, 1874-75, ser. 3, vols. U., iii.— Whtifidd, It. P„ American 
species of Iloplopana. Bull Amor. Mus. Nat. Hist., 1907, vol xxiii Winkle T i O.. Etudes sur 
les genres Pemphix, Olyphaea, etc. Arcb. Mus. Teyler, 1888, ser. 2, vol. l,~ -Wuodtmrd, II, t 
Macrurous Crustacea, etc. Quart. Joum. Geol. Soc., 1872-76, vols, %xix», xxxil 
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aliinitiow %\ it.h tin* Replant in. Tin* extinct genus Acgrr (Fig. 1-175), which lias 
represent, at i\<*s in tin* Tries and also in (lie Solenhofen Lithographic Slone, agrees 
with the Remit genera in basing the third pair of legs (die lute and much larger 
than the, lirst. It is, in all probability, a primitive member of this tribe. 

Representatives of the (htridnt are not known with certainty earlier than tin 4 
Kimmeridgian, though home Carboniferous fossils have been described as having the. 
enlarged side-plates of the second alidoiniiial somite, which are eharaeteriHtic of this 
tribe. In tin* Solenhofen Stone numerous genera occur, some of which, such as Vdova 
Munster, and UdurcUa Oppel, have exopodites on the thoracic. legs, a primitive 
character suggesting aflinity with the, Recent, family Ae.au thephyridae. Other 
Solenhofen genera, in which these exopodites appear to be wanting, are Hfar.iUln, 



Hefruja and 1 'Udnr Munster, The Keren t deep-sea genus Optophones Milne Edwards 
(Aean thephyridae) has been identified, with considerable probability, in the Upper 
Cretaceous of Wwtphalia. Home (Jaridea are found in fresh-water Tertiary deposits, 
as for example Jlomdys von Meyer, from the Miocene of Oeningen ; but it iH 
impossible to Hay what relation they bear to the groups of Kocenl (Jaridea that, have a 
fresh -water habitat. 


Suborder B. BEPTANTIA Boas. 

Body often depressed, rostrum often absent, small and depressed if present, First 
somite of abdomen distinctly mialler than the others . Leys stout, without uopodites, 
the first pair usually muck larger than the others. First Jive pairs of abdominal 
appendages commonly small , not used for mumming, 

§ 1. Pamnuha. 

This section consists of lobetcr-liko forms with the rostrum very small or often 
absent, with the carapace fused at the sides with the epistome, and the exopoditc of 
the uropods not divided by a distinct suture. It includes two tribes (1) the Eryonidm 
and (Si) the Heyllaridm (or Lorieata). 

The Eryonidm comprise, among living forms, only a small number of genera 
such as Polyehdes Heller, and Willmocsia (irate, which have*, chelae on the (lrst four or 
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on all five pairs of legs. All are blind and inhabit only the deep sea. The fossil 
genera, however, include forms that lived in shallow water and probably possessed 
eyes. The earliest is Tetrachehi Reuss, from the Upper Trias of Raibl. JSryon 



Pm. 1470 

Enjon pi upbujuus (Sclilotli ) Lithographic Stone , Holonliofen, Bavaria. Va- 


Desmarest (Pig. 1476), of which finely preserved specimens are found in the Upper 
Jurassic Solenhofen Stone, ranges from the Lias (perhaps the Trias) to the Neocomian. 
The Scylltmdm , which are distinguished, among other characters, by having the 



Mreochirus lonquimnus (Schloth.) Lithographic Stone ; Eiehstadt, Bavaria Va- 


first pair of legs imperfectly chelate, include the Spiny Lobsters (. Ptdinuridae ) 
and their allies. The earlier forms should probably all be referred to the 
extinct family Glyphaeidae , of which, the first representatives occur in the Trias. 
PempMx von Meyer (Fig. 1478) occurs in the Muschelkalk. Lithoyaster and 
G-lypham von Meyer (Fig. 1479) range from Trias to Cretaceous. Psmdonhmlm^t 
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Oppel is Jurassic. Bcaplicas and Pretit ya Woodward are Liassic. Mecochirus Kef. 
(Fig. 1477) is found in tlie Middle and Upper Jura, and Meyeria M*Ooy, in the 

Neocomian. All of these have a more or less 
distinct rostrum and the antennae moderately 
develojied. 

Palmurina Munster, from the Lower Lias and 
Solenhofen Stone, appears to be a member of the 
Palinuriclae , a family which has the rostrum sup- 
pressed and the antennae very stout. Podocrcites 
Geinitz, from Upper Cretaceous and Eocene is 
hardly to be distinguished from the Recent Linn- 
•panes Gray. Gancrinus Munster, from Solenhofen, 
which lias the antennae short and very broad, 
perhaps leads toward the ticyllaridafi, in which the 
antennae form broad flattened plates. Scyllaridia 




Via. 147 s. 

Pmyhnx atteani D<*sm. Muscliclkalk ,* Onulnlietm, 
Wurlomberg. tyj* 


Fiti 1470. 


Glyplimt tenuis Oppel. Lithographic Stone ; 
Eiclistadti, Bavaria. A, Side-view, J /i- A Rostral 
region enlarged, a, n", First and second pairs of 
antennae; o, Eye; .v, Antennal scale; st, Base of 
second pair of ant(*nnae. 


Bell is found in the Gault and London Clay, while the Recent Scyllarus Eabr. first 
appears in the Chalk. 


§ 2. Astacura. Lobsters and Crayfishes. 

This section comprises only the tribe Nophropsidea (Astrmdea) including the true 
Lobsters and Crayfishes. In these, the rostrum is of moderate size, the carapace is 
free from the epistome, and the exopodite of the uropods is divided by a suture. 
The first three pairs of legs are chelate and the first pair is greatly enlarged. 

The earliest member of this group is JEryma v. Meyer (Fig. 1480), found in the 
Lias, and also occurring, together with Pseudoastacns , Stenochirus and JEtallonia Oppel, 
in the Solenhofen limestone. Isolated chelae of Magila (Fig. 1481) are abundant 
throughout the Jura. Enoploclytia M‘Ooy; Nymph ceops Schluter; Oncoparia Bosquet; 
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Palaeastacus Bell; and Hoploparia M'Coy, occur in tlie Upper Cretaceous of Westphalia, 
Bohemia and England, the last-named genus also occurring m the Tertiary. More 

doubtfully, tlie Recent 
fv k genera which include the 

JiS Lobster, 1 the Crayfish of 

Up Europe, and the Norway 

Fin. i 48 i. Lobster ( Nephrops of Leach), 

Magila supraiuren^i^ have been stated to occur 
(Quenstedt). Upper Jura ; ag ear ly as the Upper Cre- 
Sofllngen, Wurtemberg. J 11 

Chela. taceous. 




Fin 1482 

CaUmncwa nrrhian M Edvr Tn roman ; Montdrngon, 
Var (after Milno Edwards). 



(after Oppel). 


Fin. 1483. 

Calhcmassa antUpia Otto. Turonian ; Human, Bohemia 
Rifdit chela. 


§ 3. Anomura. 

This section includes forms which have the abdomen generally soft or bent upon 
itself, with reduced side-plates and tail-fan. They are rare as fossils. The tribe 
Qalathetdea is represented only by chelae from the Upper Cretaceous of Denmark, 
referred to the Recent Galathea Fabr. Of the tribe Thalassimdeco , the Recent 
genus Callianassa Leach (Figs. 1482, 1483) is known from the Kinnnerklgian, as 
well as from the Cretaceous and Tertiary. Thalassina Latreille is Tertiary and 
Recent. The tribe Paguridea , including the Hermit-crabs and their allies, is very 
doubtfully represented in the Eocene of Hungary by chelae referred to the Recent 
Pagurus Fabr. The Hippidea are unknown in the fossil state. 

§ 4. Brachyura. True Crabs. 

The true Crabs have the abdomen small, bent under the thorax, and without a 
tail-fan ; the carapace fused with the epistome at the sides and nearly always in the 
middle line in front ; the third maxillipeds more or less broad and flattened, covering 
the other mouth-parts. 

1 The generic name Humarus Milne Edw. is most commonly used for the Lobster, and A stctcus 
Fabr. for the Crayfish. Some writers, however, employ Astacus Fabr. for the Lobster, and 
Pota?nobius Leach for the European Crayfish. The questions of nomenclature involved cannot suit- 
ably be discussed here, but reference may be made to a recent ruling (1910) of tlie International 
Commission on Zoological Nomenclature. 
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The Dromiacea take the lowest place among tlie tribes composing this section, 
differing from tlie more specialised Brachyura in retaining many primitive characters. 
Thus, the last somite of the abdomen often retains vestiges of uropods, the first 
abdominal somite of the female has a pair of appendages, the fossettes for the reception 
of the antennules are less clearly defined, and the gills are more n um erous. 

4 Among the Recent Dromiacea, again, the family Homolodromiidae is the most 
primitive, its members, which inhabit the deep sea, presenting many features which 


.1 Ii CD 



Fro. 1484. 


A, JP/wopnn marginatum v. Meyer Upper Jura (e), Oorlmger Valley, 
near Ulm. 3 /o. B, P. pprsonatmn. Upper Jura (y) ; Woissingen, Wurbem- 
berg. Rostrum enlarged. C, 1\ ncnlcatam v Meyer. Same locality as A, 
D, P. pustulatmi Quenat. Same locality as -1. 




Fio. 1485. 


Drnmiopsi'i rngosa 
(Sehloth ). Uppermost Cre- 
taceous ; Faxoe, Denmark. 


link them with the Lobsters of the tribe Nephropsidea. It is therefore of special 
interest to find, as Bouvier has shown, that the earliest fossil Brachyura, forming the 
extinct family Prosoponidae, are allied, by the form of the carapace and the disposition 
of the grooves upon it, to the existing Homolodromiidae. In the majority of cases 
the carapace alone is preserved, but portions of the abdomen and limbs are known in 
Protocarcinus (Palaeinachus) Woodward, from the Forest Marble (Bathonian) of 
England. The genus Prosopon von Meyer (Fig. 1484) is of even earlier date, 
appearing in the Bajocian and persisting to the Neoconnan. Later forms approach 
more specialised Recent types, such as ffomolopsis Bell from the Gault, leading towards 
the Homolidae; and Dromiopm Reuss (Fig. 1485), leading towards the Dromiidae. 
The Tertiary Dromilites Milne Edwards, is scarcely different from the Recent Dromia . 

The tribe Oxystomata is characterised by the form of the mouth-frame, which i 
triangular and produced to the front of tlie head between the eyes. The earlies 
example of the tribe is Mithracites Gould, 
from the Lower Greensand. Palaeocorystes 
Bell (Fig. 1486), ranges from the Gault 
to the Eocene. Eucorystes and Nccrocar- 
cinus Bell (Fig. 1487), are found in the 
Gault and Upper Greensand. The precise 
relations of these to modem families are 
doubtful. The Recent Calappa and 
Mcotuta Fabr., however, are known from 
Eocene and later deposits. jruuiwvmn yowo ouuruwsv 

The remarkable family Rminidae, 

distinguished by the unusual form of the bridge, England. * bridge, England (after Boll), 
chelae and by the elongate carapace, 

which is broader in front than behind, is known as early as the Cenomanian chalk, 
and its representatives are not rare in the Tertiary. Ranidla and Raninoides 
Milne Edwards, are Cretaceous genera. Of the few Recent genera, Ranina Lamarck 
(Fig. 1488) is known from the Eocene. 

The tribe Brachygnatha , in which the mouth-frame is quadrate, includes the great 
majority of the Brachyura. It is divided into two sub tribes, the Oxyrhyncha and 
BracJvyrlvyncha. 
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The Oxyrhynclui have the carapace narrowed in front and produced into a more 
or less distinct rostrum. Fossil forms are few and generally rather small. 
A B (' 



Flfi. 1488 

A, JB. Ham mi mat eatiana Knmg (=R helli Schaflu). Eocene; Krossenbei'M, Em arm Ventral and 
doi sal views. C, Chela of R bov Ulema M Edw Eocene , Biarritz, Franco. 72. 



Micromaia Bittner (Fig. 1489), and Microthorax Noetling, are Eocene and 

Miocene forms respectively. 
The Recent Lambrus Leach 
is known from the Eocene, 
and Main, Lamarck from 
the Pliocene. 

The suhtribe JJrachy - 
rhyncha, includes a large 
number of families which 
are often divided into two 
groups : ( 1 ) the Cyclorrw- 

Fig 1489 topa, with the carapace 

‘ broad and arcuate in 

Micromaia tubcrculata „ .... „ _ „ 

Bittner. Eocene ; San 1490 * front ; and (2) the Oatome- 

G-iovanni Illanone, Italy. Coelom vigil M. Edw. Eocene ; Irma ir» winch fhr> o*irnnfi™ 

(After Bittner.) Laverda, Italy. ™ m wniul °<irapace 

is more or less quadri- 
lateral. Since, however, it is impossible to distinguish the two groups sharply, 
they are not separated in 


Coelom vigil M. Edw. Eocene ; 
Laverda, Italy. 


the more recent systems of 
classification. 

The Catometopous 
families are not well repre- 
sented among fossils. Litho- 
phylax Milne Edwards, 
from the Upper Cretaceous, 
is an early and somewhat 
doubtful form. Galenopsis 
and Coeloma Milne Edwards 
(Fig. 1490) ; Litoricola 
Woodward ; and Palaeo- 
grapsus Bittner, are known 
from the Eocene and Oligo- 
cem The .Recent Gecar- 



Fns. 1491. 

Ldbocaremus paulmo vmertemfiertfiens v. Moyer. Eocene , 
Mokkatam, near Cairo', Egypt. Main. 
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dnm s* Leach, is stated to occur in *the fresh-water Miocene deposits of Oeningen. 
Archaeoplax Stimpson is found in the Miocene of Gay Head, Massachusetts. 

The Cyclometopous families have many representatives in the Tertiary and a few 
m the Cretaceous. The earliest are of Cenomanian age, including Ehjus Mantel 1 and, 



Fit;. J402. 

Xanthopsia krewnbergmam v, Meyer. Huceuo ; Krcssenbor^, Bavaria. Malt*, \ mitral and dorsal aspects, i/a 


doubtfully, the Recent Xmtho Leach. Titunoa minus and Palacocarpilius Milne 
Edwards, appear in the Upper Cretaceous. The Recent Pm opens Milne Edwards, is 
said to date hack to the Cretaceous. In the Eocene are found Harpactocarcinns Milne 
Edwards; Lobocaranns Reuss (Fig. 1491) ; Xanthopsis M‘Coy (Figs. 1492, 1493) ; and 
Neptocarcinus and Carnnocurcinns Lorenthey. The Recent genera Cancer Linn. ; 
Ateryatis de Haau ; and FAism Milne Edwards, art 1 , recorded from the Upper Eocene, 



Fio. 1493. 

(anthopsia 'brurlmanni v. Meyer. Eocene ; Sonthufen, 
Bavaria. Ventral view of female, */i* 



Fit;. 14D4. 


Psummomrtymiui herimrtb( Beam.) Middle Mmesnand 
(Miocene); Lo Guc-il-Tiesmes, Francis (after A. Milne 
Edwards). 


although the demonstration of their precise identity with Recent forms is not in all 
cases satisfactory. 

The easily recognised Swimming-crabs of the family Portunidae are certainly 
represented as early as the Eocene by such forms as Psamvnocarcinus Milne Edwards 
(Fig. 1494); Portnnites Bell ; and the Recent Neptunus do Haan. The River-crabs 
(Potamonidae) are said to lie represented in the fresh- water Miocene of Oeningen by 
the Recent genus Potnmon Savigny (Thelphusa Latreille). 
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Division D. HOPLOCARIDA Caiman. 


Order 1. STOMATOPODA Latreille. 1 

Carapace small , leaving at least four of the thoracic somites distinct and un- 
covered; with a movable rostral plate anteriorly. Eyes pedunculate. Eyes and 
antenmdes borne on movable segments of the head. First five pairs of thoracic limbs 
sub-chelate , the second pair very large. Abdomen large and depressed , ending in a 
tail-fan. First five pairs of abdominal appendages carrying tufted gills. 

The existing Stomatopods form a very homogeneous group, within which 
only one family (Squillidae) can be recognised, while many of the genera are 
separated by comparatively slight differences. Representative forms are 
Squilla Fabr. ; Lysiosguilla and Pseudosqu.illa Dana ; Gonodadylns Latreille ; and 
Coronida Brooks. Modern Stomatopods are exclusively marine, the adults 
A 0 a c generally inhabiting burrows 

* n t ^ ie sand or rand of the sea- 
bottom in shallow water, chiefly 

ing also 50 degrees on either 

species seem never to wander 
far from their burrows, into 

habits. They range in size 
/ r W)F ^ X approximately from 38 to 
Fi<}. 1495 . 340 mm. 

Soulda J>emuaa Munst. Upper Jura ; Bavana. .1, B , Dorsal The existence of Stoma- 
news, i/i and 3/j. C, Ventral aspect, % a, e, First and second • ,• 

pairs of antennae (after Kuntli). tOpOCLS m JraieOZOic times IS 

* still doubtful. Necroscilla 

Woodward, from the English Coal Measures, is based on a fragment of the 
abdomen and telson. P&rwiedv/rus Peach, from the Carboniferous of 
Scotland, shows several features, such as the massiveness of the abdomen and 
the movable rostral plate, that suggest an affinity with this order. In the 
Kimmeridgian of Solenhofen undoubted Stomatopods occur, some of which 
are even referred to the Recent genus Squilla Fabr. (also known from 

, * Literature : Minster, G. Graf zu, Beitrage zur Pfetrefaktenkunde. Parts iii. and v. 1840- 

1842. Mari, TV. von tier , and Schluter, C„ Neue Fische und Krebse aus der Kreidevon Wostplialon. 

7^1 nt °n'‘ t 1 ! 6 r. 7V^ V 'TSf ii:7 \ A ’’. Ub ~ weni S hekannte Crustaceen yon Solenhofen. 
Zeiteehr; Dentsch. Geol. Ges , 1870, vol. ^.-Woodward, II, Contributions to the knowledge of 
fossil Crustacea. Quart Journ. Geol. Soc., 1879, vol. xxxv. — Brooks, W. K Reuort on the 
Stomatopoda. Scient. Results Challenger Exped., Zool, 1886, vol. sm.—Miers, 1 /. * On the 
SqmUidae. Arm. Mag. Nat. Hist., 1880, ser. 5, vol. v. 
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Cretaceous and Tertiary deposits). Sculda Munster (Beclcur Miinst. ; Buna 
G-iebel) (Fig. 1495), also from the Solenhofen beds, differs considerably from 
Recent forms. It is of interest to note that larvae of Stomatopods belonging 
to what is known as the Erichthus type have been recognised in the Cretaceous 
of the Lebanon. 

[With the undernoted exceptions this revision of the Eucrustacea has been prepared for the 
present treatise by Di. W. T. Caiman, of the British Museum of Natural History. The 
systematic account of the Brancliiopoda and Ostraeoda has been revised by Dr. R. S. Basslcr, 
of the United States National Museum, and that of the Phyllocarida by Dr. John M. Clarke, 
State Geologist and Director of the New York State Museum at Albany. — Editor.] 


Class 2. ARACHNID A. 

Arthropods in which the branchial folds function as gills or as lungs , or become 
metamorphosed into air-tubes ( tracheae ) penetrating the body. The body is divided 
into two regions , cephalothorax and abdomen , the line between the two passing behind 
the sixth pair of appendages. Cephalothoracic segments usually coalesced , those of 
the abdomen either free or fused. Frequently a post-anal spine is present . Antennae 
lacking ; genital openings upon the first abdominal somite ; midgut long ; spermatozoa 
motile ; development without nauplius or zoea stages. 

The affinities of the Recent Limulus and its extinct Xiphosurous allies 
with the group represented by Scorpions, Spiders, etc., was pointed out by 
Straus-Diirckheim as long ago as 1829, and additional reasons for removing 
the Merostomes from association with Crustacea were brought forward at a 
later period by various writers, among whom may be mentioned Henri and 
Alphonse Milne -Edwards, Dohrn, Lankester, van Beneden, Kingsley, Laurie, 
Clarke and Euodemann. Kingsley, in discussing the relations between 
Limulus and the Crustacea on the one hand, and the Arachnida on the other, 
has indicated the following points of agreement : (1) a branchial respiration; 
(2) absence of malpighian tubes ; (3) absence of salivary glands ; (4) absence 
of embryonic envelopes ; and (5) presence of compound eyes. He has also 
shown 28 points in which Limulus and the Arachnids agree, and in which 
both differ from the other <£ Tracheates ” (Myriapoda and Insecta). 

The following points of likeness are considered as of special importance 
for justifying the association of Merostomata with the Aracljnida : 

(1) The numerical homologies of segments and appendages; (2) the exact 
homologies existing in the respiratory organs ; (3) the fact that the cephalo- 
thoracic appendages are pediform, the basal joints serving as jaws ; (4) the 
presence of true nephridia opening in the base of the third or fifth pair of 
appendages or in both ; (5) genital openings in the seventh (or more probably 
eighth) segment of the body; (6) extreme length of the midgut; (7) presence 
of an internal structure, the entosternite ; (8) inclusion of the ventral nerve 
cord and its nerves in the external artery and its branches ; (9) the close 
similarities in the central nervous system. 

The Arachnida form a more diverse class than the Insecta, and display 
nearly as much differentiation among themselves in structure, size and habit 
as do the Cnistacea. The larger and more complex forms have a fixed and 
constant number of segments, and in all Arachnida, as in Insecta and the 
higher Crustacea, it is possible to analyse the body into twenty-one 
VOL. i 3 d 
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segments (or somites). Some of these, however, may be suppressed during 
the ontogeny, not all of them persisting to the adult stage, or else becoming 
fused in various ways. 

The body segments of Arachnida are grouped together in higher aggregates 
or categories, called “ tagmata ” by Lankester (or expressed more simply as 
“ regions ”), of which three are usually distinguishable. These regions are : 
(1) the prosoma, often termed also the “ cephalothorax ” ; (2) the mesosoma , 
also called by some writers the “ thorax” or “ preabdomen ” ; and (3) the 

A * 



Pig. 14f)0. 

Euthus occitanus Amoreux, a typical Old-World Scorpion. A, Dorwal, and Ji. vontral view, 
i/.} (after Kraepelin). 


metasoma (another name for the “ postabdomen ” or <c tail ” of earlier writers, 
Fig. 1496). The first of these regions includes all of the segments in front 
of the genital pore, usually six in number. The second, or mesosoma, begins 
with the somite bearing the genital pore, and ends with the last somite which 
bears free appendages, typically six segments in all. The third region, or 
metasoma, consists usually of six segments, none of which bear appendages, 
excepting that the terminal one often has attached to it a postanal u telson,” 
which may be considered as in the nature of an appendage. The latter takes 
in Scorpions the form of the sting, in Xiphosures and Eurypterids that of the 
spine. Among Merostomes, where the body is sometimes sharply divided 
functionally into two regions only ( c< cephalothorax ” and “abdomen” as 
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they are then commonly called), the metasoma together with the mesosoma 
make up the abdomen. The abdominal segments, although usually distinct, 
are sometimes coalesced or fused. 

Arachnids have the sexes distinct, and do not reproduce asexually or, 
so far as known, parthenogenetically. As a rule there is little external 
difference between male and female, except for a very frequent disparity 
in size and an occasional modification of some of the appendages. In several 
genera of Eurypterids two forms of opercular appendages of sexual significance 
have been recognised, and, by analogy with Limulus, the more primitive of 
these is assigned to the male, the more elaborate to the female. From this 
it appears that, in Eurypterus at least, the adult males are smaller than the 
females, as is true of Limulus also. Mites, Scorpions and Pedipalps are 
viviparous, but all other members of the class lay eggs. 

Primitive Arachnids appear to have been altogether marine, and to have 
breathed by gill-books borne on appendages. During or after Silurian times, 
when their descendants Acquired a terrestrial habitat and changed from 
water-breathing to air-breathing, the gill-books sank into the body and 
became lung-books or were replaced by tracheae. Reference may be had to 
the recently published works by Gaskell on The Origin of the Vertebrates (1908), 
and Patten on The Evolution of the Vertebrates and their Kin (1912), for an 
extended discussion of the so-called Arachnid theory of the origin of 
vertebrates. 

The Arachnida are divided into two subclasses, Merostomata and Embolo- 
branchiata. The chief distinguishing character of the former of these groups 
is that the gills are patent and exposed, and (in living representatives) 
malpighian tubules are absent. It is to be noted that both these features 
are associated with aquatic life. 

Subclass A. MEROSTOMATA Dana (emend. Woodward). 1 

(Syn. Gigantostraca Haeckel ; Eelobranchiata Lankester.) 

Six pairs of ambulatory limbs about the mouth, the foremost of which terminates 
in chelicerae. The rest serve as organs of locomotion , and their coxal joints for 
prehension and mastication. Behind the mouth is a single or paired metastoma . 
Prosoma (“ cephalothorax ”) depressed , with usually a pair each of median ocelli and 
laterally placed Jcidney-shaped compound eyes. Piespiration by means of lamellar 
branchiae borne on the appendages of all , or all but one of the first six post-cephalic 
segments , which collectively form the mesosoma. In Limulus there are no salivary 
glands , no malpighian tubules , and no embryonic membranes (“ amnion ”) are found 
in development. 

Concerning the origin of the subclass, it is to be noted that the early 
appearance and later atrophy of the abdominal appendages is clearly a 
feature that points to a common ancestor for the Scorpion and Merostomes 

1 The best bibliographies of Merostomata, including also historical reviews of the group, are to 
be found in the following memoirs : — Woodward, U., A Monograph ot the British Fossil Crustacea 
of the Order Merostomata. Palaeout. Soc., 1866-78, pp. 21-30. — Packard , A. &, On the Car- 
boniferous Xiphosurous Fauna of North America. Mem. Nat. Acad. Sci., 1885, vol. iii. pp. 153-6. 
— Clarke , J. M., and Ruedemanri, R., The Eurypterida of New York. Mem. 14, N.Y. State 
Museum, 1912, p. 438. 
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Raving such appendages. Also it is to be inferred that the cephalothorax 
in the embryo of the Scorpion retains ancestral features, from the facts that 
its length corresponds to about six abdominal segments and it equals the 
latter in width. 

A comparison of the larvae of all three, Euryptorids, Limulus and the 
Scorpion, shows that the two last-named have lost the primitive form of the 
abdomen by acceleration , that of Limulus being much broadened, that of 
the Scorpion abruptly contracted to the tail or postabdomen, while the 
Eurypterids have best preserved the original gradual and uniform contraction. 
The carapaces of Eurypterids and the Scorpion have most nearly retained 
the original proportions and form of the common ancestor. Of the cephalo- 
thoracic appendages the chelicerae are alike in all three groups and obviously 
ancestral m their form ; the remaining legs have taken quite different courses 
of adaptation, the Scorpions having developed the powerful chelate pedipalps, 
the Eurypterids the swimming legs, while those of Limulus have remained 
relatively undifferentiated. 

These and other facts tend to support the inference that neither Limulus 
nor the Scorpions are derivable from Eurypterids, but that all three, while 
related, have early separated ; and that the Eurypterids are still nearest in 
their general aspect to the early common ancestor. The appearance of 
Eurypterids in the Cambrian witfi the essential characters of the group is 
in accordance with their larval aspect, while the early separation of Scorpions 
from the primitive stock is evinced by the occurrence of typical Scorpions in 
the Silurian, and by the fact that in the Carboniferous they show a greater 
diversity of form than they do to-day. On the other hand the similarity of 
the ancient Palaeophonus nuntius to Eecent forms is conclusive evidence that 
the Scorpions have been very “persistent types ” and had developed their 
typical characters much earlier than the Silurian. There is no reason to 
doubt that, as there are Eurypterids in the Cambrian, the Scorpions also 
reach back to that era, and the diversion from the common ancestor must 
have already been inaugurated in early Cambrian time. 

As to what this common ancestor was we have no clue. Surely the 
Trilobites, which are true primitive Crustacea, are not ancestrally or other- 
wise closely related to Merostomes, and the latter even in the Cambrian arc 
far removed from any possible synthetic ancestors, as is shown by their very 
definite number of segments and the arrangement of their appendages. We 
must search, therefore, for still more primitive Arthropods than the Crustacea 
as ancestors of Merostomes and Arachnids generally. In support of this view 
Clarke and Euedemann point to the absence of anything in the ontogeny of 
the Eurypterids that would suggest a crustacean nauplius stage, the admitted 
absence of all crustacean characters in the adult forms, and the equal absence 
of all crustacean features in the ontogenies of Limulus and tho Scorpion. 

Order 1. XIPHOSURA Gronovius. 1 

Body, in mature types , distinctly trilobed longitudinally . Cephalothorax large , 
semicircular , the compound eyes , when present , laterally situated , and ocelli near the 

1 Literature: IToeven, J. van der, Reulierches sur l’liistoire naturelle et l’anatomie ties Lnxrules. 
Leyden, 1838. — Munster, G. Graf su, Beitrage zur Petrefaktenkunde. Parts i., iii., 1840.— 
Gegetibaur, <7., Anatomised Untersuchungen ernes Limulus Abhandl. naturf. Ges. Halle, 1858. 
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centre in front . First pair of appendages chelicerate. Metastoma with two small 
accessory plates. Abdomen with seven to ten segments , which are dor sally free or 
coalesced ; the six anterior ones provided with lamellar appendages on the under side. 
Telson long , ensiform, movable. 


Family 1 . Cyclidae Packard. 

Cephalothomx small , orbicular , discoidal or convex , calcareous or chitinous , 
bounded by a distinct border. Cephalic appendages nearly as in embryonic Limulus. 

Cyclus do Kon. (Fig. 1497). Known almost solely by tbe orbicular 
ccphalothorax with its imperfectly preserved appendages, which seem to be 
simple swimming legs. Their enlarged joints cover the 
ventral surface of the carapace everywhere except in 
the centre, which is occupied by a V-shaped plate, 
towards the pointed extremity of which all the basal 
joints of the limbs converge. Coal Measures ; Great 
Britain, Illinois and Missouri. 


Family 2. 
Body limuloid 


Belinuridae Packard. 



in general aspect. Ccphalothorax Fx(i - 14t)lr * 

rounded, with long, slender genal spines; its appendages as creek,' 

in larval Limulus. Ahdomen with the segments in vart ininois. cephaiothorax show- 
or almost wholly consolidated ; telson of variable length . canal. % 


Belinurus Konig (Fig. 14 98). Cephalothorax hippocrepiform, its central 
portion surrounded by a broad, fiat marginal area, which at the genal angles 
is produced into a long, slender spine. Abdomen with eight segments, 
besides the much -elongated, slender telson ; seventh and eighth segments are 
consolidated. Upper Old Red Sandstone and Coal Measures of Great Britain 
and northern Franco ( B . bellnlus Konig; B. regime Baily). Also in Coal 
Measures of Illinois ( B . lacoei Packard). 


— Baily , IF. //., Explanation of Sheet 137 of the Maps of the Geol. Surv. Scotland, 1859. — 
Remarks on Belinurus. Ann. Mag. Nat. Hist., 1863, ser. 3, vol. xi. — Giebcl, G. G., Limulus 
Declieni. Zeitsclir. gesammt. Naturw., 1863, vol. xxi. — Meek, F. B., anil W or then, A. IT., Kept. 
Geol. Surv. 111., 1868, vol. lii. — Woodward, IT., Notes on Neolimulus, Cyclus, Merostomata, etc. 
Geol. Mag., 1859-94, dec. 1, vol. v. ; dec. 3, vols. vii., ix. ; dec. 4, vol. i. — Jbohrn , A., Embryologie 
und Morphologic dos Limulus. Jenaische Zeitsolir., 1871, vol. vi. — Packard , A. ft., Development 
of Limulus. Mem. Boston Soc. Nat Hist., 1872, vol. l. — Idem, Anatomy, Histology and 
Embryology of Limulus. Anniv. Mem. Boston Soc. Nat. Hist., 1880. — Idem, Carboniferous 
Xiphosurous Fauna of .North America. Mem. Nat. Acad. Sci., 1885, vol. iii. — Van Bencdcn , 
M. K, Systematic Position of King Crabs and Tnlobites. Ann. Mag. Nat. Hist., 1872, ser. 4, 
vol. ix. — Milne.- E< hoards, A., Recherches sur rauatomie des Linmles. Aim. Sci. Nat., 1873, 
ser. 5, vol. xvii. — Rankest er , E. R Limulus an Arachnid. Quart. Journ. Microsc. Sci., 1881, 
vol. xxi. — Peach, B. N., Further Researches among Crustacea and Arachmda. Trans. Roy. Soc. 
Edinb., 1882, vol. xxx. — Williams, II. ft., New Limuloid Crustacean from the Devonian. Amor. 
Journ. Sci., 1885, ser. 3, vol. xxx. — Hall, J., and Clarke, J. M., Palaeontology of N.Y., 1888, 
vol. vii. — Kishcnonye, IC, Development of Limulus. Journ. Coll. Sci. Tokyo, 1891, vol. v. — 
Kingsley, J. ft., Embryology of Limulus. Journ. Morphol., 1892-93, vols. vii., viii. — Fritsch , 
A., Fauna der Gaslcohle. Prague, 1901, vol. iv. — Clarke., J. M., Pseudoniscus in the Eurypterus 
Beds of Now York. Rept. N.Y. State Palaeout. for 1900. (54th Ann. Rept. N.Y. State Mus.), 

1902. — Royers, A. F., Some new American Species of Cyclus from the Coal Measures. Kansas 
Univ. Sci. Bull., 1902, vol. i., No. 10. — fttromer vo/i Reichenhach, E., tj“ber Molukkenkrebse, 
Zeitschr. Deutsoh. Geol. Ges. Monatsber., 1907, vol. lix. — Gaskdl, IF. IT., Origin of the 
Vertebrates, London, 1908. — Pattern, IF, Evolution of the Vertebrates and their Kin, 1912. 
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Prestwichia Woodw. ( Euproops Meek; Anthracopeltis Boulay) (Fig. 1499). 
Differs from Belinurus in having seven coalesced abdominal segments, besides 

a short and obtuse caudal 



Flu. 14 ns. 

Belinurus reqincte Baily 
Coal Measures ; Queen’s 
County, Ireland. Vi (aftei 
Woodward). 



spine. 

domon 

central 


segments narrow. 


Fig. 1400. 

Pr'estwiclna danae (Meek) Coal Meas- 
ures; Mazon Creek, Grundy County, Illinois. 
2 /« (after Packard) 


Outline of ab- 
subsemicircular, 
axis of body 
Coal 

Measures; England, 
northern France, Russia 
and Illinois. Type, P. 
anthrax (Prestw.). 

Protolimulus Pack. 
Cephalothorax relatively 
large, subsemicircular, 
with small appendages ; 
its genal angles less pro- 
duced than in the two 


preceding genera. Abdomen with six segments besides a large, thick caudal 
spine. Upper Devonian (Chemung Group) ; Pennsylvania. Type, Prot . 
eriensis (Williams). 

Prolimulus Fritsch. Cephalothorax ellipsoidal, broader than long, without 
genal angles, and with relatively long appendages. Abdomen rounded, 
shorter than the cephalothorax, with lamellar appendages. Telson slender 
equalling one-half the total body length. Permian; Bohemia. Type, P. 
woodwardi Fritsch. 


Family 3. Limulidae Zittel (King or Horseshoe Crabs). 

(Syn. Xiphosuridae Pocock.) 

Body longer than broad; cephalothorax arched dor sally, the central portion 
separated from the sides by longitudinal grooves; marginal area large and flat. 
Abdomen composed of six consolidated segments forming a simple sub-tnangular 
shield, and a long slender telson. Six pairs of abdominal limbs, five of them having 
over a hundred pairs of gill-leaves. 

Limulus Muller, restricted by Fabricius (Fig. 1500). Living species belong- 
ing to this, the solitary genus of the family, occur on the eastern shores of North 
and Central America and Asia. According to Pocoek’s classification {Ann. 
Mag. Nat. Hist., 1902, ser. 7, vol. ix.), the four Asiatic species are referable 
to two genera distinct from Limulus s.s. In all forms the four cephalothoracic 
feet are chelate, the sixth pair is furnished with a whorl of plates used in 
pushing the animal through the mud. Gills are borne upon the five posterior 
pairs of abdominal appendages, the anterior pair being without gills, but 
having the genital opening upon the posterior face. 

The males are smaller than the females, and are further distinguished by the hooked, not 
chelate, termination of the second, or second and third appendages, a character which they 
acquire only at maturity. The young embryo of Limulus is without an elongated caudal 
spine, and swims freely by means of its abdominal appendages. With its marked lateral 
eyes, segmented abdomen and body divided into median and lateral regions by longitudinal 
grooves, it presents considerable resemblance to a Trilobite, and the stage has in fact been 
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called tlic Trilolntc stage (Fig. 1500, J>). After the first moult the caudal spine begins to 
elongate, and at tins stage, while the abdomen retains its segmented larval character, a true 
affinity with the Paleozoic Prestwichm and Bclinurns is clearly revealed. The prevailing 
modern view is that m fsimu? its we have a member of the Arachnida which retains its water- 
breathing habit, and, m the features of the abdominal appendages, some traces of the 
characteristic structure of the primitive crustacean stock from which the Arachnida originally 
sprang. 

The genus first makes its appearance in the Trias, one small species being known from 
the Buntersandstcin of the Vosges, and another, L. mcensis Bleicher, from the Keuper of 



A, Limilus wnhhi Basin. Lithographic Stone; Solenhofen, Bavaria. Dorsal and ventral aspects, the 
latter showing several pairs of imperfectly preserved ambulatory limbs. On the carapace, covering the prosoma, 
are seon impressions of the lateral eyes. 


Lorraine. L. walchi is abundant in the Lithographic Stone of Bavaria ; L . nathorsti and 
L. wuodwardi are Jurassic species from Sweden and England respectively ; L. synacus 
occurs in the Cretaceous of the Lebanon ; and L. dccheni occurs in the Oligoccne brown coal 
of Tcuchern, near Merseburg. 1 


Order 2. SYNXIPHOSURA Packard. 

Body elongated ; cephalothorax semicircular with more or less distinctly defined 
median o>xis, and no facial sutures. Compound eyes generally present, ocelli not 

1 Biihm, J., liber Limulus decheni Zmcken. Jahrb. Prcuss. Landesanst. Bergakad., 1905, 
vol. xxvi. One of these specimens described by Bohm represents doubtless the largest known 
Limulus. 
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observed except in Neolimuhis. Abdomen trilobed , its segments free , the pleura flat 
and extended , and usually terminating in lateral projections or spines . 

With the exception of the Cambrian Aglavpis (Fig. 1501), all the genera belonging to this 
order are of Silurian age, and are too imperfectly known as yet to permit a satisfactory 
grouping into families, although several such have been proposed by Packard ZiL tel united 
them, together with certain genera of Xiphosura, m the family Hemiaspidac, which term is 
retained, but employed in a restricted sense. 

Suborder A. AGrLASPINA Walcott. 

Body elongate , transversely trilobed , more or less sharply divided into two regions 
only . Cephalothorax with or without sessile eyes ; on the ventral side it has an 
epistoma and five pairs of movable appendages . Abdominal 
segments all free , varying from seven ( Aglasgns ) to twelve 
(Emeraldella) in addition to the caudal spine. 

Family 1. Aglaspidae Clarke. 

Cephalothorax moderately large , trilobed; abdominal seg- 
ments with distinct axis and pleurae ; telson long and spiniform. 

Aglaspis Hall (Fig. 1501). Cephalothorax relatively 
nu. large, i ts trilobed central portion short and conate, in front 

Aglaspis eatuni Whitf. of which are two approximate compound eyes ; bounded 
wisc e onSn? lb 4 an on sides by a distinct border. Abdominal segments 
described as seven in number, flat and blade -like, not 
grooved on the pleura; telson a long and somewhat obtuse spine. Cambrian; 
Wisconsin. 

Under this family also are included three genera from the Burgess shale 
member of the Stephen formation (Middle Cambrian) of British Columbia, 
described by Walcott under the names of Molaria , Habelia and Emeraldella. 
They are remarkable for displaying well-preserved abdominal appendages. 

Suborder B. BUNODOMORPHA, nomen novum. 

This group contains only the family Hemiaspidae, as at present constituted. 
It is a somewhat heterogeneous assemblage, but recognised as separated from 
the Aglaspidae by more than family differences. 

Family 1. Hemiaspidae Zittel. 

This family, in its restricted sense, may be provisionally maintained 
pending further investigation of the rare and in some respects obscure forms 
embraced by it. The original definition of this family is no longer applicable, 
its limits having become narrowed by the removal of various genera to 
other groups. ^ 

Neolimulus Woodw. Cephalothorax short and broad, crescentic, elevated 
mesially, and bearing one or two pairs of ocelli. Compound eyes lateral and 
connected with the genal angles by a suture. Abdomen very broad anteriorly, 
not distinctly divided into two regions, all of its segments free, trilobed and 
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at least nine in number; the telson not observed in any specimen thus far 

discovered. Axial portion of abdomen diminishing rapidly from before 

backwards. This genus has been understood 

as connecting the Xiphosura with the Synxi- p 

phosura. Silurian ; Scotland. Type, N. falcatus ^ OS 'y/" ^ 

Woodw. / 

Bunoths Eichw. (Exapinurus Nieszk.) (Fig. / 

1502) . Cephalothorax semicircular, convex, 

with radial furrows from the median portion. /. 

Facial sutures obscure, converging from the 
posterior to the anterior margin. According to ]pl‘ . 

Patten’s interpretation, a median (“parietal”) f 

and a pair of lateral eyes are present, but no ' • *' * Ay 

genal spines. Abdomen divided into an an- Jff 

terior portion (mesosoma or “thorax”) consist- Ms s Xv K'l; r 
ing of six trilobite-like segments having a broad £r 

median axis and lamellar pleura with diagonal Jr 

pleural lines ; and a posterior portion (meta- 1. ? ^y 

soma or “postabdomen”) of four narrow seg- f '“Tffil 

ments, besides a long and acuminate telson. j ' 

External surface of carapace and somites pus- W&/ 

tulose. Silurian; Oesel. 

Hemiaspis Woodw. ( Limnloules Salter) (Fig. in 

1503) . General form similar to that of Bunodes. If 

Cephalothorax one -half j 

f as long as broad, with j 

several genal spines ; j 

central portion well de- j 

fined. Postcephalic seg- I 

ments nine in number, 
besides the acuminate Fia 1502 

telson, more or less dis- Bunod es lunula , var. scfirenli, Nie.sz. 
finpflTr rntn twn Silurian; Rootzrkull, Oesol. Drawing 

tmctiy divided into two made from a piaster model, as restored by 

regions (mesosoma and Patten, -/l- J>ro '% Prosoma; Ms, Meso- 

° \ - . , soma, following winch are tlie four narrow 

metasoma), subtnangular somites and telson constituting the uiota- 
* r, soma; te, Lateral eye; pe, Parietal eye. 

m Outline, and with a (Supposed antennae onnttecl.) 

broad median axis which 

tapers gradually from before backwards. Pleura flat 
and short, the lateral margins of the sixth divided into 
fig. 1503 . two lobes, as if compound. Segments seven to nine 

Hemutsw'* Unmh»,d<'s Woodw. are narrower and longer than the preceding, their 
hind nal lA X' w! 18 ' combined length equalling that of the tail-spine. 
Silurian ; Scotland. 

Bwiodclla Matthew. Prosoma small, postcephalic segments seven in number, 
tapering posteriorly. Axial portion of the body elevated ; telson not observed. 
Silurian ; New Brunswick. 




Pseudoniscus Nieszk. (Fig. 1504). Prosoma relatively large, convex, 
hippocrepiform, probably eyeless and without facial sutures; genal angles 
extended into short spines; surface obscurely marked with radial furrows. 
Postcephalic portion (“abdomen”) strongly trilobed and trilobitiform, with 
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gradually tapering median axis. Segments nine in number, besides a short 
pointed telson, all with smooth surfaces. The first five segments with 

obliquely grooved pleura ; sixth and seventh 
k partly conjoined on the pleura, and corre- 

sponding axial parts of the segments narrow ; 
eighth and ninth segments narrow, lanceolate, 
and with increasing retral curvature. Avorage 
total length of animal 2*5 cm. Silurian; 
Oesel and New York State (Salina Group). 

Order 3. EURYPTERIDA Burmeister. 1 

Body elongated , with a thin chitinous epi- 
d&i'mal carapace ornamented by fine scale-like 
marldngs. Prosoma with two large , sometimes 
facetted lateral eyes and a pair of median ocelli ; 
on the ventral side with six pairs of appendages , 
the foremost of which is preoral and chelicerate. 
Mouth bordered posteriorly by a metastoma . 
“ Abdomen ” consisting of thirteen free segments , 
of which the anterior six belong to the mesosoma 
and bear ventrally five pairs of broad , , foliacemis 
appendages , corresponding or comparable to the 
operculum and branchial appendages of Lnnulus. 
Pseudoniscus compute The metasoma consists of six free, annular seg- 

individual. SUnrian (Salina Group); Monroe men ts without appendages , together with a long 
County, New York. % (after Olarke). , - f . 7 * 3 J J 

or spatulate telson . 

This order, which is restricted wholly to the Paleozoic, embraces the largest 
Arthropods known, some of them (Pterygotus, Stylonurus) having attained a length 

1 Literature: Dekay, J. E., On a Fossil Crustaceous Auimal. Ann. N.Y, Lye. Nat. Hist., 
1825, vol. L — WQoy, F., Some British Fossil Crustacea. Ann. Mag. Nat Hist , 18-19, ser. 2, vol. 
iv. — Roemer, F., Ueber em Exemplar von Eurypterus. Palaeontogr., 1851, voL L — Hurley, T. 11., 
On Himantopterus. Quar. Joum. GeoL Soc., 1856, vol. xii. — Idevi, and Salter , J. TV., On Ptcry- 
gotns. Mem. GeoL Surv. United Kingd., 1859, vol. L — Page, J)., Advanced Text-Book oi Geology, 
1856 and 1859. — Nieskowsfci, J De Euryptero remipede. Dorpat, 1858. — Hall, J., Palaeon- 
tology of New York, 1869, vot iii. — Salter, J. W Some Fossil OruBtaoea, etc. Quar. Jouru. Geol. 
Soc., 1862-63, vols. rvin., xix. — Woodward , JBT., Numerous papers in Geol. Mag., Her. 1, dec. 1, 
vols. i., ix., and Quar. Jonrn. Geol. Soc., vols. xxi., xxiii, xxiv., xxvii., xxviii., etc., 1864-72. 
—Idem, Monograph of British Fossil Crustacea, Order Merostomato. Palaeontogr. Soc., 1866-78. 
— Grote , -4. JR., and Pitt, TV. 3., New Crustaceans from Water- Lime Group (Eunarcuh, Ptery- 
gotus, etc.).. Bull. Buffalo Soc. Nat. Sci., 1875, vol. iii. — Pohlman, J., Fossils of the Water-Lime 
Group.. Ibid., 1881-84, vols. iv., v. — Peach, 3. N., Further Researches among Crustacea and 
Arachnida. Trans. Roy, Soc. Edinb., 1882, vol. xxx. — Schmidt, F, } Miscellanea Silunoa. Mem. 
Acad. Imp. Sci. St-Petersb., 1883, ser. 7, vol. xxxi. — Hall , J., Note on Buryplerulae. 2nd Geol. 
Survey Penn., Rept. PPP., 1884. — Idem, and Clarke, J. M., Palaeontology of New York State, 
1888, vol. vii — Whiteaves, J. F., Palaeozoic Fossils of Canada, 1884, vol. m. — Fraipmit, 
Euryptendes nouveaux du D6vonien. Ann. Soc. Belg. Geol., 1889, vol. xvii. — Olaypole , R. TV, 
On Eurysoma, Carcinosoma, etc. Amer. Geol., 1890-94, vols. vi., zin. — Laurie, M., Eurypterid 
Remains from Pentland Hills. Trans. Roy. Soc. Edinb., 1892, vol. xxxvii. — Idem, On Euryptorida. 
Nat. .Sci., 1893, voL iii. — Idem , Anatomy and Relations of the Euryptendae. Ibid. , 1893, vol. 
xxxvii., and Nat. Sci., 1893, vol. iii. — Holm, 0., tJber Eurypterus Fischeri. Bull. Acad. Imp. 
Sci. St-P4tersb., 1896, ser. 5, vol. iv. ; also MSmoires, 1898, s<fr. 8, vol. viii., and Geol. For. i 
Stockholm For., 1899, vol. xxi. — Semper, M., Gigantostraken des bdhmischen Palaozoicum. Beitr. 
PaL u. Geol. Osterr.-Ung., 1898, vol. ii. — Beecher, O. E., Restoration of Stylonurus. Amer. 
Joum. Sci., 1900, vol. x.— Idem, Eurypterid Remains from Missouri. Ibid., 1900, vol. xin, and 
Geol. Mag. 1900, dec. 4, vol. viii. —Sarle, C. J., Eurypterid Fauna from the Salina Kept. N.Y. 
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of nearly tlxree metres. Tlie presence of gills upon the branchial appendages shows 
that the Eurypterids were aquatic, and the structure of their appendages indicates 
that they were for the most part mud-crawlers, though some were good swimmers. 


They are found associated 
with cephalopods and tri- 
lobites in the Cambrian 
and Ordovician of North 
America ; with cephalo- 
pods and marine arthropods 
(Phyllocarids and Ostra- 
cods) in the Silurian ; with 
Ostraoopliores and Arthro- 
dires m the Devonian ; and 
with land plants, scorpions, 
insects, fishes, and fresh- 
water amphibians in the 
productive Coal Measures. 
It is apparent, therefore, 
that from being originally 
marine forms, they became 
gradually adapted to 
brackish, and possibly even 
fresh-water conditions. 

The Eurypterids and 
Xiphosures present a num- 
ber of points of common 
resemblance. Both groups 
have a prosoma composed 
of at least six fused seg- 
ments, and bearing two 
pairs of eyes, one pair 
simple, the other com- 
pound, on the dorsal sur- 
face of the carapace. The 
number and position of 
the appendages of the 
proHoma in Eurypterids 
are the same as in Limulus , 
and the chelicerae are 



Fia. 3503. 

Euryptenis rmvpvs Dokay. Bertie Watcrlime (Silurian) ; Herkimer 
County, N.Y. Restoration of dorsal aspect. i/a (after Clarke and 
Ruedeinann). 


similarly constructed in 

both cases. The basal joints of all five pairs of legs in Eurypterids are toothed and 
function in mastication ; similarly in Limulus all are spiny except the coxae of the 
last paii* of legs. In both groups a similar process called the epicoxite is borne upon 
the coxae. On the mesosoma the genital operculum and plate-like appendages with 
branchial lamellae are similar in both groups. A striking difference between them, 
however, is seen in the segments of the mesosoma and metasoma, the somites being all 
free in Eurypterids, but in Limulus fused together. The resemblance between Euryp- 
terids and Scorpions is none the less striking, both groups showing the same number 


State Palaeont., 1903. — Schmidt, F., Tiber Stylonurus von Osel. Bull. Acad. Imp. Sci. St-Petersb., 
1904, ser. 5, vol. xx. — Scemann, F., Zur Gigantostrakenfauna Bohmens. Beitr. Pal. u. Geol. 
Osterr.-Ung., 1906, vol. xix. — Pruvost , P., Crustacea du nord de la France. Ann. Soc. GtSol. 
Nord, 1911, vol, xl. — Clarke , J. M., and Ruedemann , , R., Eurypterida of New York. Mem. 
N.Y. State Mus. no. xiv., 1912. 
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of segments in the three regions of the body, and the appendages of the prosoma 
being identical m number and position. 

The general form of the body in Euryptends (Fig 1505) ps somewhat like that 
of a Scorpion, hut is relatively broader and shorter. The prosoma or cephalothorax 

consists oi six fused seg- 
ments covered by a quadrate 
carapace with its front 
angles rounded. This bears 
on its dorsal surface two 
^ pairs of eyes — large lddney- 

_ u shaped lateral eyes, and 

median ocelli. The com- 
pound lateral eyes are 
smooth in theEurypteridae, 
facetted in thePterygotidae. 
As shown by Olarko and 
ltuedemann, these facetted 
eyes are identical in struc- 
ture with those of Limulus 
On the ventral surface 
of the prosoma (Fig. 1506) 
are seen six pail's of appen- 
dages, of which the first pair 
(the chelicerae) are preoral 
m position, and the remain- 
ing five pairs are found at 
the sides of the elongate 
month, and are developed 
as legs. These legs consist 
typically of a basal joint 
(coxa), the inner margin 
of which ((jnathobase) is 
provided with teeth and 
able to function in masti- 
cation, much as in Limnlus 
or A pun, whilst the distal 
part of each appendage 
served as an organ oi* loco- 
motion. The ambulatory 
part of the appendages is 
usually six-jointed, and is 
attached to a small, oval 
<f epicoxite ” at its anterior angle exactly in' the same fashion as in Limulus. The 
fifth pair of legs i8 spineless and slender, probably serving as balancing organs. 
The sixth pair is characterised in all members of the order t by its greater size and 
usually somewhat flattened form, as well as by its termination in an oval plate or 
claw. This last pair is commonly termed the palette or paddle, and seems to have 
had a swimming function, although it is probable that the animal used it also 
for anchoring or burying itself in the mud. 

Behind the prosoma are twelve free segments, plus the tail -spine, of which tlie 
first six form the mesosoma, and the remainder the metasoma. On the ventral 
surface the segments of the mesosoma bear pairs of plate-like appendages, each of 
which slightly overrides the next succeeding one. These appendages bear on their 
inner (posterior) surfaces the lamellar branchiae, which are oval in outline (Fig. 



' Fro. 1506. 

Euryptcrus Jischeri Eiclnv. Silurian ; Island 'of Oesol. Female 
individual, Va (from Holm). 
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1500), and in a general way are comparable to tlie leaf-like external gills of Limulus. 
The first a] id second segments of the mesosoma are covered on the ventral surface 
by the genital operculum, winch consists of a pair of plates meeting m the middle 
line and having a median lobe attached to them. The latter, from analogy with 
Limulus, is undoubtedly genital in function, and varies in form in the same species, 
correlating with sex. 


Family 1. Eurypteridae Bunneister. 

Body elongate, narrow in form, to broadly expanded in the mesosomatic region. 
Prosoma snbquadrate to snbtriangidar in outline, with romded front angles , telson 
spinif orm. Compound eyes smooth, 
not facetted, generally near the 
middle of the cephalic shield ; no 
epistoma; chelicerae not extending 
beyond the frontal margin of , the 
carapace. Sixth pair of legs 
adapted for either swimming or 
crawling. Female genital append- 
age composed of several lobes. 

Certain genera which are here 
included in this family ( Eusarcus , 

Stylonuvus, etc.) present rather 
wide departures from the type, and 
in the recent classification proposed 
by Lankcster (Encyclop. Brit., 

12th ed, article on Arachmda) 
they arc placed m separate families. 

Concerning genetic relations, much 
new light has been gained through 
study of the stages of development 
of the principal genera, and by 
comparison of them with the 
primitive and much generalised 
Strabops from the Cambrian. 

This genus is one of the earliest 
known Eurypterids, and is re- 
garded by Clarke and Ruedemann 
« “ actual P*°ge»itor of most 

Silurian forms. According to (after Clarke and Ruedemann). 
the authors just named the Euryp- 

terids studied by them pass through a so-called Strabops-stagc during the course of 
their nepionic development. It has also been shown by them that the ontogeny of 
Eurypterids fully corresponds to that of Limulus in lacking any indication of a 
nauplius or zoea stage. 

Strabops Beecher (Fig. 1507). Prosoma small, comparatively wider than 
in Eurypterus, but the eyes further back, small, and very far apart ; body 
somites not distinctly differentiated into two regions (mesosoma and 
metasoma), twelve in number besides the short and blunt tail-spine. In view 
of its generalised characters this genus is eminently fitted to serve as a 
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prototype from which later Eurypterids are descended. Cambrian (Potosi 
limestone) ; Missouri. 

Euryjpierus Dekay ( Lepidoderma Reussj (?) Campylocephalns Eicliw.) (Figs. 
1505, 1506, 1508). Body elongate, narrow, attaining sometimes a length of 
1 m. Prosoma contained five or six times in total length of the body, depressed 
convex, subquadrate, with rounded anterior angles. Anterior margin nearly 
straight, posterior slightly concave. Eyes reniform, somewhat in front of the 
middle ; between them and close to the axial line are two ocelli. The entire 
prosoma bordered by a narrow marginal furrow, and the margin broadly 
enfolded on the ventral side. In the middle of the lower side is the cleft- 
shaped mouth, which is bordered laterally by the basal segments of the fifth 
pair of legs, and posteriorly by the large oval metastoma. Ordovician 
(Normanskill shale) to Permian; Europe and North America. 

The first pair of appendages was regarded by Woodward and Schmidt as filiform and 
tactile. Laurie, Holm, Clarke and Ruedemann, and others, however, have shown that they 
are chelicerate, and thus in accord with homologous structures in other members of the 
family. The three succeeding appendages are six- or eight-jointed and covered with fine 
spines. The fifth pair is eight-jointed, and longer than those in front of it. The posterior 
pair is a powerful swimming- organ ; its great subquadrate basal joints enclose the metastoma, 
and together with this, cover nearly one-half of the ventral side of the prosoma. 

All of the body segments are free. The first six form the mososoma, and together 
collectively occupy about one-fourth of the body-length. They are short and broad, and 
nearly uniform in shape ; but the second segment has lost its hard skeleton on the ventral 
surface, and the first covers the greater part of the genital operculum. This first segment 

joins the posterior margin of the prosoma 
and consists of two lateral portions and 
a median process All six segments of 
the mesosoma are moderately overlap- 

S ing on the ventral side, and each is 
ivided by a median suture or cleft into 
two parts. After these follow the six 
ring -like segments of tlio metasoma, 
which diminish gradually in width pos- 
teriorly, and the body is terminated by 
a long, slender telson. Tho latter is 
properly to be regarded as an appendage 
of tho twelfth segment, as indicated by 
the position of the anus in relation to it. 
Larval stages have the tolson short, 
thick and four-sided, with dorsal, ventral 
and two lateral edges, corresponding in 
form to that of tho primitive Etrnbops. 

About twenty-five species of Euryp- 
terns are known, the largest being about 
1 m. long. They are found for the most 
part in argillaceous or sandy deposits 
in transition strata between tho Silurian 
and Devonian of England, Gotland, 
Oesel, Podolia, and in tho Water-lime 
Group (Siluriau) of Now York. They 
are rare in the Devonian, but occur 
again more frequently in tho Coal 
Measures of Scotland, Silesia, Bohemia, 
Saarbrucken, and Pennsylvania. The 
last survivor is from the Permian of 
. . Bussaco, Portugal, where it occurs in 

association with land plants ( TValchict , Sphcnoptcris). Type, E. remipts Dekay. 

Onychopterus Clarke and Ruedemann. Terminal claw (with joint) of sixth 
leg developed into a propelling spine ; fifth pair undifferentiated. Silurian : 
Indiana. Type, Eurypterus Jcokomoensis Miller and Gurley. 



Eurypterus remtpes Dekay. Bertie Waterlime (Silurian) ; 
Buffalo, N.Y. Ventral aspect of a young individual m 
which the relatively large size and length of the paddles, 
and abrupt contraction of the body posteriorly, are especi- 
ally noteworthy, x (after Clarke). 
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Tyloptenis Clarke and Buedemann. Thick calcareo-chitinous integument, 
with median divided knobs on tergites. Silurian ; Canada. Type, Eurypterus 
boylei Whiteaves. 

Echinognathus Walcott. Imperfectly known. Cephalothoracic appendages 
with numerous curved spines, indicating an animal of large size. Ordovician ; 
New York. 

Megalograptus Miller. Eichmond beds (Lowermost Silurian) ; Ohio. 
Known only by fragmentary remains. 

Dolichopterus Hall. Sixth prosomatic appendage has the terminal claw 
developed into an elliptical oar-plate. Waterlime (Upper- 
most Silurian) ; New York. Silurian ; Oesel. 

Eusamis G-rote and Pitt (Eurysoma and Carcinosoma 
Claypole). Eurypterids with the six mesosomatic seg- 
ments greatly expanded, the next following of the 
metasoma being abruptly contracted. Prosoma subtri- 
angular, compound eyes at apex in front; metastoma 
subtriangular. Second pair of legs the longest. Terminal 
joint of the sixth prosomatic appendage not expanded. 

General aspect of body scorpion -like. Ordovician and 
Silurian ; New York, Indiana, and Pentland Hills, Scot- 
land. 

Anthraconedes Meek and Worthen. Like Eurypterus, 
but with spines on the falcate posterior angles of the 
abdominal segments. Coal Measures ; Illinois and 
Pennsylvania. 

Adelophthalmus Jordan and von Meyer. Comprises 
eyeless Eurypterids. Coal Measures ; Saarbriicken. 

? Eurypterella Matthew. Probably not a Eurypterid. 

Devonian ; New Brunswick. 

? Beliina Walcott. Probably not a Eurypterid. 

Algonkian; Montana. 

Slimonia Page ( Himantoptcrus Salter) (Fig. 1509). 

Body attaining a length of 60 cm., and width of 15 cm. 

Prosoma subquadrate, with anterior marginal eyes and simoma acuminata 
median ocelli. Preoral appendages in the form of small j^e, r * Scotland ’R^ora* 
stout pincers, much like chelicerae in Limulus. Of the tio^of ^ ent e ^ a(r ^ ec ^ 
five pairs of postoral appendages, the first is modified to the™o S som P i^vf.^gem- 
form tactile organs. The first seven postcephalic seg- segmente^rnrm^Jso™ 
ments much wider than the rest. The first two sternites ™y- ™-j t 
are represented by the genital plate and its posterior xix. Dotted areas of the 
divisions ; the other five are discontinuous plates bearing lamellae showing through, 
branchial lamellae on their inner surface. The five 
posterior segments are long, narrow, and cylindrical. 

Telson like that of Pterygotm , but produced into a longer spine. Only one 
species known. Old Eed Sandstone ; Scotland. 

Stylomrus Page (Fig. 1510). Body similar in general proportions to 
Pterygotus, and often exceeding 1 m. in length. Prosoma quadrate or sub- 
pentagonal, its margins bent under. Eyes large, approximate, sometimes 
supported by strong orbital ridges; ocelli on the slope of a median ridge. 
Preoral appendages chelicerate. The five pairs of postoral appendages 
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ncrease in length from the first backward, the last pair enormously elongated, 
Deing nine-jointed, extending almost to the end of the telson, and terminating 

in a sharp claw. The first two 



pairs of legs frequently bear 
paired leaf -life spines. Telson 
long and slender. Silurian and 
Devonian ; Scotland, Russia, New 
York, and Pennsylvania. 

Subgenus : Ctenopterns Clarke 
and Ruedcmann. First three 
pairs of legs with numerous paired 
spines to each segment. 

Tarsopterus Clarke and Ruede- 
mann. Silurian; New York. 

Drepanopterns Laurie. Body 
as in Stylonurus , but the pos- 
terior legs much loss elongated. 
Silurian ; Scotland and Indiana. 

Family 2. Pterygotidae 
Lankcster. 

Body elongate , narrow. Pro- 
soma semiellipiical to snbquadrate in 
outline; telson spiniform in Plugh- 
milleria ; spatulate and hilobed 
peltate in all other genera. Com- 
pound eyes facetted , marginal ; 


Fig. 1510. 

Stylonurus excelsior Hall. Chemung-Catskill Group (Upper 
Devonian) ; Pennsylvania. Restoration of dorsal aspect. 
1/20 (after Clarke and Ruedemann). 


epistoma present; chelicerae some- 
times greatly extended. Last pair 
of legs always adapted to swimming . 
Female genital appendage simple. 


Pterygotus Agassiz (Figs. 1511-1512). Eurypterids sometimes of gigantic 
size, attaining a length of over 2 m. Pro soma semi-ovate, with anterior 
marginal facetted eyes and median ocelli. The metastoma is a heart-shaped 
plate attached along the middle line to the ventral wall of the prosoma, 
between the bases of the last pair of legs, and extending outwards and 
forwards so as to enclose the jaws in a kind of chamber. Epistoma a thin 
plate, occupying the same position as the hypostoma in trilobites, and having 
the preoral appendages attached close to its posterior border. The latter are 
large pincers, probably prehensile in function; by Schmidt and Woodward 
they are represented as many-jointed, but it is now known that they consist 
of but three long joints. Behind the mouth are four pairs of slender walking 
legs, followed by the large “ swimming feet,” which are similar to those in 
Eurypterus , except that they are less broadly expanded at the tips. Telson 
an oval plate, terminating in a slight projection. The species first referred 
to this genus (P. problematic us Ag.) is imperfectly understood, and P . anglicus 
Ag., which is well known, is generally accepted as the typical form of the 
genus. Ordovician; New York. Silurian; Wales, .Scotland, Sweden, Qesel, 
Russia, New York, and Australia. Old Red Sandstone ; Scotland. 
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Erettoptervs Huxley and Salter. Like Pterygotus, but with a bilobed 
telson. Silurian ; Lanarkshire. 

Ilnghmilleria Sarle. Small animals with carapace as in Pterygotus , chelate 



Fig. 1511. 

Ptm/yotws huffiOneniis (Pohlman). Bertio Watorlime (Silunan) , Buffalo, New York. Restoration of 
A, dorsal, and /#, ventral aspect. V;to (after Clarke and Ruedeinann). 


appendages on short legs, and telson as in Enrypterus . Epistoma lyre-shaped, 
flanked by lateral shields. Ordovician and Silurian ; New York. 

Giyptoscorpius Peach. Body 
attaining a length of 30 cm. 

Surface covered with highly 
developed scale-markings. The 
animal is provided with a pair 
of comb-like structures supposed 
to resemble the pectines of 
scorpions, and the legs end in a 
double claw. Lower Carboni- 
ferous ; Scotland. 

Hastimima White. Large forms having a pterygotoid hastate telson with 
impressed median ventral plate. Carboniferous ; Brazil, Nova Scotia (?) and 
Devonian of South Africa. 



Fig. 1512. 

Pterygotus bujfalocusis (Pohlman) Bertie Watorlime (Silurian) ; 
Buffalo, Now York. The toothed anterior chela, i/n- 


Order 4. LIMUXAVA Walcott. 

Body elongated. Prosoma with lateral or marginal eyes ; on the mitral side 
with five pairs of appendages , some of which are Uramous . Postcephalic portion 
of body (mesosoma ctnd metasoma) consisting of twelve segments , the anterior nine of 
VOL. I 3 E 
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which bear gills; the last has a central spaiulate process that , combined with 
swimmer ets, forms a strong caudal fin. 

It is doubtful whether this group, which in the biramous jointed legs and 
compound telson possesses crustacean features, belongs to the merostomes or 
connects the latter with the crustaceans. 

Walcott, from his discovery of jointed body appendages in Sidneyia, is 
• inclined to the view that this genus is transitional between trilobites and 
Eurypterids. One family is recognised, the original diagnosis of which is 
given as follows : 

Family 1. Sidneyidae Walcott. 

Cephalothorax small , without lobes , eyes marginal ; ventral side with large 
epistoma, five pairs of movable appendages , the gnathohases of the three posterior 
pairs forming organs of manducation. Abdomen twelve-jointed , the three posterior 
segments annular and narrow , the terminal one forming , with lateral swimmer ets , a 
fan-like tail ; nine anterior segments with a pair of branchial appendages on each , 
the three posterior segments without ventral appendages. Surface smooth , or 
ornamented by narrow , irregular , fine imbricating ridges. 

In this family are placed two genera, Sidneyia and Amiella Walcott, from 
the Ogygopsis shale of the Stephen formation (Middle Cambrian), near Field, 
in British Columbia, Canada. They are described and figured in Smithson. 
Misc. Coll., 1911-12, vol. Ivii., nos. 2 and 6. Sidneyia inexpedans Walcott, 
the type species, which attains a length of about 17 cm., is represented by 
very fine material. The accompanying genus Amiella is less satisfactorily 
preserved, and there are indications of its occurrence also in the Cambrian of 
Yunnan, in Indo-China. 

[The foregoing ‘chapter on the Merostomata has been revised for the present edition by 
Dr. John M. Claike, New York State Geologist, and drawings ior sevoral now figures of 
Eurypterids have been kindly furnished by him and Dr. B. Ruedemann, of Albany.— Editor.] 


Subclass B. EMBOLOBR AN CHI AT A Lankester . 1 


Arthropods with at least three preoral segments in the adult stage , with one pair of 
preoral appendages called chelicerae , and five postoral pairs, the anteriormost of which 
are the pedipalpi. Chelicerae two - or three-jointed, retroveri or chelate. Pedipalpi 
pediform , chelate or retrovert, typically sfix-jomted, legs typically seven-jointed. Head 
fused with at least one thoracic segment , usually with the entire thorax , fowling a 
cephalothorax or prosoma . Genital opening on the first somite . of the mesosoma. 
Nephridia modified as coxal glands. Abdomen typically composed of twelve segments, 

1 Literature : Comstock , J. 3., The Spider Book. New York, 1912.— FrUsch, A., Palaozoisclie 
Arachuiden. Prague, 1904. — Koch, C. L., and Bcrendt , J. 0 , Die im Bernstein bofindliclien 
Crustaceen, Mynapoden, Arachuiden und Apteren der Vorwelt. Berlin, 18 H.—LanJcester, 1C. R., 
Articles on Araehnida and Arthropoda in Encycl. Brit., 1911.— Laurie, AT., Ou a Silurian Scorpion 
from the Pentland Hills. Trans. Roy Soc. Edinb., 1899, vol. xxxix. — Petrunkevitch, A 
Monograph of terrestrial Palaeozoic Araehnida of North America. Trans. Conn. Acad. Sci. (In 
press.) Pocock, R. I, Monograph of the terrestrial Carboniferous Araehnida of Great Britain. 
Palaeontogr. Soc., 1911. — Scudd&r. S 3., Fossil Spiders. Harvard Umv. Bull., 3 882, vol. ii.— 
Idem, Illustrations of the Carboniferous Araehnida of North America. Mem. Boston Soc. Nat. 
Hist., 1890, vol. iv. Idem , Index to the known fossil Insects of the World, including Myriapods 
and Arachnids. Bull. U.S. GeoL Surv. No. 71, 1891.— Warburion, 0., Chapter on Embolo- 
branchiata m Cambridge Natural History. London, 1909. — Whitfield, R. I> Fossil Scorpion 
from the Silurian rocks of America. Bull. Amer. Mus. Nat Hist., 1885, vol. i. 
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even when external segmentation is subsequently lost. Anus on last abdominal segment. 
Eyes , when present, simple , variable m number. Respiration by lung-boolcs or tracheae. 

Tlie subclass of Embolobrancluata includes spiders, sections, mites, ticks, etc., 
and comjudses in all thirteen orders. Of tliese four are entirely extinct, and of 
those still living six have continued to exist since the Paleozoic, and only one is not 
known to have fossil representatives. So far as the evidence of extinct forms goes, 
the older members of the various orders seem to have resembled to a remarkable 
degree those existing at the present day, and serve to illustrate tlie extreme antiquity 
of living types of mvertebrate animals. The majority of fossil species is known from 
remains preserved in amber of Lower Oligocene age in eastern Prussia. The most 
delicate parts, including the finest hairs and spiders 5 webs are to be found practically 
unaltered within this transparent fossil resinous substance which exuded from ancient 
Coniferous trees. 

The order Scorpionida (Scorpion es) is the oldest among the Embolobrancliiata 



Upper Silurian pnmilive Scorpions, JUlacopUums. A , P. nuntlm Thor, and Lmdst. Ludlow series 
(Clunian), Gotland. Restoration o 1 dorsal aspect. */* (after Pocock). B , P. enhdomeus Poach. Ludlow 
senes (Clunian) ; Lanarkshire Reconstruction of ventral aspect, in which the space lor a genital operculum, 
the pair of poctons, and tlio absence of any evidence of pulmonary stigmata are noticeable features. % (after 
Pocock). 


and bears witness to a common origin with the Eurypterida. Scorpions are 
characterised by having three -jointed chelate ohelicerae and six -jointed chelate 
pedipalpi ; the head is fused with the thorax ; the abdomen is composed of twelve 
segments, the last five of which are annular and form the so-called postabdomen or 
tail At the end of this latter is a telson modified as a poison gland with sting. 
On the ventral surface is found a cliaracteristie pair of appendages, the “comb. 55 
Lung-books are present in four pairs. 

Silurian Scorpions are grouped together under tlie suborder Apoxypoda, which 
contains a single family represented by the genera Palaeophonus Thorell (Fig. 1513) 
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1 Proscorpius Whitfield. The former of these comprises three species occurring in 
j Upper Silurian (Glunian) of Gotland and Lanarkshire, and the latter a single 
3 from the Bertie Waterliine of New York. Pocock has suggested that the 
oposed mesosomatic “ Semites ,J of Palaeophonus are really broadly laminate 
1-bearing appendages, as they have been shown to be in Eurypterus. Similar 
pendages occur also m Eobuthus, and it is inferred that respiratory lamellae lay 
neath them as they do in Limulus. Thus, the breathing organs in primitive 
orpions were gills, and the animals are thought to have been aquatic, possibly 
en marine. But in Carboniferous genera an important change has taken place, 

that the covering plates have closed over the lamellae of the gills, leaving only 
t-like openings called stigmata. Breathing m these forms took place by the 
mission of air through the stigmata to lung-books P. nuntius was blind. 

Eoscoopius Meek and Worthen (Fig. 1514) ; Isobuthus Fritsch ; and Gyclophthalmus 
irda, are examples of Carboniferous Scoipions. Eoscorpius does not differ in any 
lportant respect from living forms, and appears to have been quite as highly 
ganised. According to Fritsch the order Scorpionida attained its acme during the 
irboniferous and subsequently declined. Imperfect remains have been found in the 
rias of Warwickshire, and a species of Tityus Koch occurs m Oligocene amber. 

The order Pedipalpida (Whip-scorpions, etc.) has two-jointed ret covert clielicerae, 
id six-jointed, retrover t or chelate, raptorial pedipalpi. The first pair of legs is 


Fig. 1514. 

Eoscorinus carbonanus Meek and Worth Coal Measures ; 

Mazon Creek, Illinois. A> Dorsal aspect of soma, i/i* A Peeten 
or ‘ ‘ comb,” enlarged. 

:ery long and modified as tactile organs. Coxae of second pair of legs placed behind 
.hose of the pedipalpi, while the small coxae of the first pair are widely separate 
md situated above and external to the former. Abdomen segmented, movably jointed 
.o the cephalothorax ; last two or three segments small, annular, eitlicr with or with- 
)ut a segmented whip. To this order belong Geralinura (Fig. 1515) and Graeophonus 
Seudder, from the Carboniferous ; Stenarthron Haase, from the Upper Jurassic Litho- 
graphic Stone of Bavaria ; and Phrynus Latreille, which occurs Tertiary and Recent. 

The order Palpigradi is constituted by the single Recent genus Koenenia Grassi, 
bund in southern Italy, Sicily, and Texas. It has no fossil representatives. 

The extinct order Kustarachnida is represented by a single family, comprising 




Geralinura bohemim (Kusta). 
Coal Measures ; Itakouitz, Bohemia. 
1 h (after Kusta). 
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the solitary genus Kustarachne Seuddor (Fig. 1516), of which three Carboniferous 
species have been described. «Chelicerae not observed ; pedipalpi chelate, their 
coxae fused solidly together; ab- 


domen segmented, pediculate, the 
terminal segment annuliform ; legs 
long and slender. 

The order Solpugida (i SoUfugae ) 
has the head fused with the first 
thoracic segment, all the remaining 
thoracic segments being free. Obeli - 
cerae chelate : pedipalpi pediform ; 
abdomen segmented ; respiration by 
means of tracheae ; trochanters two- 
jointed ; coxae and trochanters of 
the fourth pair of legs with a row 




of characteristic “ maleoli.” Proto - 


Fm 1516 


Fin. 1517 


solpuga Petrunk. (Fig. 1517) is 
known from the Carboniferous. 
Modern forms are subtropical. 


JCuAtararhne teimipes 
Seuddor. Coal Measures; 
Mazon Creek, Illinois 
«*Va (alter Petrunkevitcli). 


Protnsolpuga r arhonana Pet- 
runk. Coal Measures , Mazon 
Creek, Illinois. Vi (after Pet- 
runkevitch). 


The order Ricinulei or Podo - 


gonida , is represented in the modern fauna by two tropical genera, and includes also 
a few Carboniferous forms. Head and thorax fused, forming a cephalothorax, in 
front of which is a. movable plate called the “cucullus.” Abdomen composed of 
nine segments, but so united with the cephalothorax that the first and second 
abdominal segments are not visible. The three hindmost segments are small, annular, 

forming a short “ tail.” 



Flo. 1518. 


PolyovJimi pmv.tu.lata ycurl. Coal Measuros ; 
Mazon Creek, Illinois. (after Petrunko- 
vitcli) 



Fir;. 1519. 

Chcll/er hemjmclu Menge. 
Oligoceue; Baltic amber. »/j. 


Chelicerae are two- 
jointed, chelate; pedi- 
palpi chelate ; tro- 
chanter of first and 
second pairs of legs 
two-jointed ; the third 
pair of legs in the 
male is modified as a 
copulatory apparatus ; 
eyes absent in both 
sexes. Polyochera 
Scudder (Fig. 1518); 
and Gurculioides 
Buckland are Carboni- 


ferous examples. 

The order Pseudoscorpionida also known as Ghernetidea or Ghelonetni (False 
Scorpions), is chiefly Recent, with no fossil representatives older than the Tertiary. 
In this group the head is fused with the thorax, the abdomen is segmented and 
broadly joined to the cephalothorax. Chelicerae chelate, with openings on the 
movable finger for the ducts of the spinning glands ; pedipalpi chelate. The Recent 
genus Chelifer Geoftr. (Fig. 1519) occurs .also fossil in Baltic amber. 

The older Araneida or Araneae (Spiders) has numerous fossil representatives, 
the earliest of which appear in the Carboniferous. Head and thorax fused ; 
chelicerae two-jointed, retrovert; pedipalpi pediform, their terminal joint in the 
male modified as a copulatory organ ; abdomen segmented only in the most primitive 
suborder, anteriorly constricted and movably united with the cephalothorax ; usually 
six spinnerets present on the abdomen, but their number may vary between two 
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and eight. Arthrolycosa Harger (Fig. 1520), and Pi otolycosa Roemer (Pig- 1521), are 
Carboniferous examples, but tlie majority of forms are known from Oligocene amber 
found on the shores of the Baltic in East Prussia. Mizalia Koch (Fig. 1522) is an 




Fki 1521. 

J'rotolynMt untlim- 
cophilu Roemer, 
Coal Moasuies; 
Myslowiiz, tSilcsia. 
(after F. Roomer). 



Mizalia rostrata Koch and 
Berendt. Oligocene ; Baltic 
amber. 3/ x - 



Fia 152S. 

Attoides eresiformis Brongt. 
Oligocene ; Aix m Provence 
io/i (alter Brongmart) 



Fio. 1524. 


Thomumi, wnimfcniuA 
Hear. Freshwater M 10 - 
cene ; Oonmgen, Baden, 
ii/i (after Tleer). 


example from the latter locality; Attoides Brongt. (Fig. 1523) occurs in the fresh- 
water Oligocene marls of Aix in Provence, and Thomisus Walck. (Fig. 1524) in 
similar deposits of Miocene age at Oeningen, Baden. The Upi>er Oligocene lignites 

of Rott, near Bonn, Ger- 



Fig. 1525. 

Anthraromnrtus i oelkehanus 
Karsch. Coal Measures ; Neu- 
rode, Silesia. Dorsal aspect. 
Vx (after Karscli) 


respects intermediate between them. 


many, and the Miocene fresh- 
water strata of * Florissant, 
Colorado, have also yielded 
remains of this order. Among 
Eocene localities, from which 
fossil Spiders have been ob- 
tained, should be mentioned 
the Green River beds of 
Wyoming, and the strata at 
Quesnel, British Columbia. 
The known species of fossil 
Spiders aggregate about 250. 

The order Anthraco- 
marti is confined to the 
Paleozoic, and is perhaps 
ancestral to the Pedipalps 
and Opiliones, being in some 
Its distinguishing characters are as follows : 



Fig. 1520. 

Eojthrynus prestvicn (Buckland). 
Coal Measures ; Coalbrookdale, Eng- 
land Dorsal aspect, showing ten 
tergal segments of the hind -body. 
1 /i (after Woodward). 
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head fused with the thorax ; abdomen segmented, apparently broadly joined to the 
cephalothorax ; between the tergites and stern ites one or two rows of pleural 
sclerites; anus with an operculum which represents the tergite of the eleventh 
segment ; chelicerae not known ; pedipalpi short, pediform ; legs seven-jointed with 
movable coxae apparently articulated to a sternum. Anthracomartus Kartsch (Fig. 
1525); Brachypyge and Eophrynus Woodward (Fig. 1526) ; Maiocercus and Trigono- 
tarbus Pocock ; and Kreischeria Geinitz are Carboniferous genera. 

The order Haptopoda is also confined to the Paleozoic. Head fused with the 
thorax ; abdomen segmented, broadly joined to the cephalothorax ; pedipalpi short, 
pediform ; pleura soft, without sclerites ; tarsus of the first pair of legs seven-jointed. 
Plesiosiro Pocock, from the Carboniferous of England, is the solitary known genus. 

The order Fhalangiotarbi, like the two preceding orders, is Paleozoic. Head 
fused with the thorax; abdomen broadly joined to the cephalothorax, segmented, 
with soft pleura devoid of sclerites ; 
several anterior tergites very short, with a 
thickened posterior edge; anus with an 
operculum, representing the tergite of the 
twelfth segment ; chelicerae not observed ; 
pedipalpi short, pediform. Phalangiotarbns 
Haase ; Gemtarhus Scudder ; and Archi- 
tarbus( — Geraphrynus) Scudder (Fig. 1527); 

Opilioiarbus Pocock ; Discot arbus Petrunk., 
etc., are Carboniferous. 

The order Phalangida or Opiliones 
(Harvest -spiders) has many fossil repre- 
sentatives, most of which are preserved in 
Oligocene amber. Head fused with the 
thorax; abdomen broadly joined with the 
cephalothorax, segmented, the anal oper- 

,,nlnm TwnrnQfvn+ina flip im-rntn np fhp Ipn+Ti carhomrins Scudder). Coal Measures ; Mazon Creek, 
cillum representing tuc tugito ox tne tentn Illmois> undersurface. i/ x (after Petrunkevitch). 

segment. Chelicerae three-jointed, chelate; 

pedipalpi pediform ; coxae of the first, often also of the second and third pairs of legs 
with maxillary lobes ; one pair of tracheae. Nemastomoides Thevenin ; Dinopilio 
Fritsch ; and Protopilio Petrunk., all from the Carboniferous, are referred to this 
order. The first-named of these, however (Nemastomoides claveris Thevenin), may 
possibly belong to the Antlir acorn arti. 

The order Acarina, Acari , or Bhynchostomi (Mites, Ticks, etc.) comprises degenerate 
Arachnids in which the abdomen is usually not segmented and is either broadly 
joined to the cephalothorax or completely fused with it. Coxae of pedipalpi fused 
together; coxae of legs widely separate, without maxillary lobes. Numerous fossil 
representatives are known from Oligocene amber and Tertiary freshwater deposits, 
the majority of species being referable to Recent genera. Through the Opiliones this 
order appears to be connected with the Spiders. 



Fig. 1527. 

Architarbus rotuvulatus Scudder (=Geravhrynus 


Subphylum B. Myriapoda Latreille . 1 

Tracheate Arthropods with distinctly separated head bearing a single pair of 
antennae, and a soma composed of numerous (at least twelve) fairly similar segments 

1 Literature : Fritsch, A., Fauna der Gaskolile, vol. iv. Prague, 1899-1901. — Grinnell, F., 
Quaternary Myriapods and Tnsects of California. Univ, of Cal. Publ., Dept. Geol., 1908, vol. v. — 
Koch, G. L., Die Mynapoden. Regensburg, 1847. — Koch, 0. L., and Berendt, J. G., Die im 
Bernstein belindliclien Crustaceen, Myriapoden, Arachniden und Aptoren der Vorwelt. Berlin, 
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which are never divided into tagmata ; there are two or three pairs of month appendages, 
and numerous pairs of legs. 

The time-honoured division of Myriapods into the orders commonly known 
as Centipedes and Millipedes ( Ghilopoda and Diplopoda ), plus the more recently 
established groups of Pauropodct and Symphyla , which latter have no fossil repre- 
sentatives, has of late years been abandoned. The prevailing modern view is to 
regard the above-mentioned groups of tracheate Arthropods as independent classes of 
the phylum ; and the reason for this is found in the recognition of closer afiimties 
between the Ghilopoda (Centipedes) and the Hexapoda (Insects), on the one hand, than 
between the Chilopoda and Diplopoda on the other. According to the modern system 
the older fossil Millipedes, which are embraced in the extinct orders Protosyngnatha 
and Archipolypoda of Scudder, fall within the limits of the class Diplopoda. 

For practical purposes, however, it will be convenient to retain the designation 
Myriapoda in a general sense, it being a familiar term, and the number of fossil 
forms with which the paleontologist has to deal being comparatively limited. The 
groups of which Centipedes and Millipedes are the most important members are here 
treated as classes, conformably to the view which assigns them equal rank with the 
exclusively Recent Pauropoda and Symphyla. Among the latter, certain genera 
agree exactly in the numerical segmentation of the body with an isopod, a tliysanuran, 
and a primitive arachnid. This would lead to the inference, as pointed out by 
G-. H. Carpenter, that “ all the Arthropodan classes must be derived from ancestors 
with a definite number of segments, and the development of a large number of 
somites in such forms as Julus , Geophilus , and Apus must be regarded as a secondary 
condition” 

Class 1. DIPLOPODA Gervais ( Ghilognatha Latreillc). (Millipedes). 

Trunk homonomously segmented , segments usually numerous and not flattened, of a 
variable number ( from 12 to 150), and the majority of them fused pairwise, each tergite 
bearing two pairs of legs. Head with one pair of short , seven-jointed antennae, one pair 
of mandibles, and one or two pairs of maxillae. No compound eyes, but numerous ocelli 
usually present. „ 

The anterior three or four segments of the soma are fine, with a single pair of 
legs to each segment. The anterior pair, or both pairs of legs corresponding to the 
seventh tergite are usually modified as copulatory organs 
(gonopods), but in one order (Oniscomorplia) it is the 
posterior pair of legs that is thus modified. A pair of 

genital openings is present at the base of the legs of the 

second segment. Respiration takes place by means of either 
tufted or tube-like tracheae with spiracles at the base of 
the legs. 

Recent Diplopoda are divided into eight orders. At 
Fig. 152 &. least five of the modern families have Tertiary representa- 

Juius antiquus Heyden. Upper tives, especially in amber. Among Tertiary examples may 
Bonnr&flrm^y! :eS v 1 . Rofc ^ near mentioned the following: Julus Linn. (Fig. 1528); 

Graspedosoma Leach; Euzonus Menge ; Polyxenns Latreille; 

1854. — Peach , B. A 7 ., On some new Myriapods from the Palaeozoic rocks of Scotland. Proc. Pliys. 

Soc. Edinb., 1899, vol. xiv.—Pocock, R. Articles on Centipedes and Millipedes in Encycl. Brit., 

1911.~£cKflfr&’r, S. II., On Carboniferous Myriapods. Mem. Boston Soc. Nat. Hist., 1878-90, 
vols. it-iv. — Idem , Index to the known fossil Insects of the World, including Myriapods and 
Arachnids. Bull. U.S. Geol. Surv., No. 71, 1891. — Cockerell, T. D. A., Catalogue of the generic 
names based on American Insects and Arachnids from the Tertiary rocks, with indications of the 
type species. Bull. Amer. Mns. Nat. Hist., 1908, 1909, vol. xxvi. 
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and Phryssonotus Scudder (Lophonotns Menge) A species of lulus (J. telluster 
Scudder) occurs in the Green River Eocene of Wyoming, and another in the Miocene 
freshwater beds of Florissant, Colorado. 

The older fossil forms are referable to the two extinct orders of Scudder, Proto- 
svngnatha and Arcliipolypoda. The former of these approaches closely to the Recent 
order Pencil lata, and is represented by the Carboniferous genus Palaeocampa Meek 
and Worth en. The second of these orders comprises three families, of which the 
Archidesmidae resembles the Recent Polydesmidae. Archidesmus Peach (Fig. 1529) ; 



Pig. 1529. 

Archidesmus matmtcoll Peacli. Lower Old Red Sand- 
stone ; Forfarshire, Scotland, Vi (alter Peach). 



Fig. 1530. 

1L ’uphohe) ia armigaia Meek and Worth. Coal 
Measures ; Mazon Creek, Illinois, i/l- 


and Kampecaris Page, from the Old Red Sandstone of Scotland, are examples. The 
family Euphoberiidae shows some resemblance to the Julidae of the present fauna, 
hut the dorsal scuta are more or less distinctly divided into two portions corresponding 
with the pairs of legs. Among Carboniferous genera belonging to this family may 
he mentioned the following : Acantherpestes and Euphoberia Meek and Worthen 
(Fig. 1530); Amynilispes and EiMicus Scudder. Acantherpestes is regarded by 
Scudder as probably amphibious, and attains the relatively enormous length of 
20 cm. (A. giganteus Baldwin). The family Archiulidae is represented in the 
Carboniferous by Tnchiulns and Archinlus Scudder, and Xylobius Dawson. One 
Mesozoic species, Julopsis cretacea Heer, from the supposed Cretaceous of Greenland, 
is of doubtful ordinal position, hut may belong to the Arcliipolypoda. 


Class 2. CHILOPODA Latreille. (Centipedes). 

Body more or loss flattened dorso-ventrally , composed of a variable number of 
segments ( from 18 to 176), with a single pair of legs to each segment. One pair of 
segmented antennae , the joints being at least fourteen m number , one pair of mandibles 
and two pairs of maxillae. First pair of somatic appendages modified as powerful 
maxillipeds with poison glands emerging on the terminal claw ( toxognaths ). Last pair 
of appendages (those borne by the antepenultimate segment) modified as copulatory organs. 
Unpaired genital aperture on the penultimate segment. Eyes variable in number , simple 
or compound (Scutigera), often wanting. Respiration by means of tracheae with either 
paired spiracles in the pleural membranes or single spiracles in the median dorsal line. 

Recent Chilopoda are divided into five orders, three of which have Tertiary 
representatives, especially in amber, and in the freshwater deposits of Aix m Provence. 
The following true Chilopod genera are known from the Tertiary : Germatia Rossi ; 
Bcolopendra Linn. ; Lithobins and Geophilns Leach. The older fossil remains cannot be 
positively referred to any of the five existing orders. By Scudder they were assigned 
to two extinct families, named by him Gerascutigeridae and Eoscolopendridae. 
The former of these includes the genus Lataelia Scudder, and the latter the genera 
Palenarthrus and Tlyodes Scudder, all from the Coal Measures of Illinois. 

[The text for the preceding chapters oik Embolobranchiata and Myriapoda has been revised 
by Dr. Alexander Petrunkevitch, of Yale University. — Editor ] 
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Subphylum C. Insecta (Hexapod a). Insects . 1 

Tmcheate Arthropods with body at 'maturity consisting of a distinct head , thorax 
and abdomen. Head provided with one pair of antennae , one of mandibles, and two of 
maxillae. Thorax composed of three segments, each supplied with a pair of legs, and the 
second and third segments also usually carrying a pair of wings on their dorsal surfaces 
in the adult state. Abdomen composed of several (commonly ten) distinct segments, and 
usually without leg-like appendages. Development usually through metamorphic stages. 

Ho undoubted remains of Insecta are known from strata older tlian tlie 
Carboniferous, but in the Coal Measures and Permian a considerable variety of 
winged forms has been detected, in both Europe and North America. These earlier 
Insects appear to be more generalised than are the post- Paleozoic forms, and the 
majority are referred by Handlirsch to orders distinct from those occurring in Mesozoic 
and later formatio ns. Blit one order, the Blattoidea, seems to have survived from. 
Paleozoic times onward to our own day. The primitive extinct order Palaeodictyop- 
tera is regarded as the ancestral stock which gave rise to the other Paleozoic orders, 
and from the latter in turn have originated the modern Insect groups. 

Although it is clear that strangely differentiated forms occurred among the 
different Insect groups as early as the Carboniferous, yet it has been conclusively 
shown that this differentiation had little depth, and that it is only through Mesozoic 
and later descendants that we have any clue to a wide separation of the original 
Paleozoic forms. Among the latter, the neuration of the wings, though diversified, 
had yet a far greater homogeneity than is found now, or than existed during Mesozoic 
time, from the Trias onward. The fore wings of whatever type were as diaphanous as 
the hind, and could never (as in most of their descendants) properly be called tegmina. 
The wings of the Protodonata of Brongmart had indeed a superficial resemblance 
to those of living Odonata in shape, reticulation, and sweep of the veins. But in 
fundamental neuration they were altogether different, and no trace is to be discovered 
of those characteristic features of the Odonata, such as the nodus, triangle and 
pterostigma, which appear fully elaborated in the Mesozoic species. 

“The wings, broadly speaking, may be said to be three-margined. The margin 
that is anterior when the wings are extended is called the costa, and the edge that is 
then most distant from the body is the outer margin, while the limit that lies along 
the body when the wings are closed is the inner margin. 

“The only great order of insects provided with a single pair of wings is the Diptera, 
and in these the metathorax possesses, instead of wings, a pair of little capitate 
bodies called halter es or poisers. In the great order Coleoptera, or beetles, the 
anterior wings are replaced by a pair of horny sheaths that close together over the 
back of the insect, concealing the hind wings, so that the beetle looks like a wingless 
insect ; in other four-winged insects it is usually the front wings that are most useful 
in flight. In the Orthoptera the front wings also differ in consistence from the 
other pair over which they lie in repose, and are called the tegmina.” (Sharp, 
Cambridge Natural History, voL v.) 

1 The most complete bibliographies are to be found in various well-known publications on fossil 
Insects by S. H. Scudder , and in the work by A. Handlirsch , Die fossilon Insokten, Leipzig, 
1906-S. See also Handlirsch' s Revision of American Paleozoic Insects, in Proc. U. S. Nat. Mus., 
1906, vol. xxix. For important recent contributions one should consult the writings of Agnus, 
Bode, Bolton, Braes, Burr, Cockerell, Dampf, Enderlem, Leriche, Mclander, Mounior, Olfers, 
Prnvost, Reis, Rohwer, Schlechtendal, Sellards, Shelford, Ulmer, Wickham, and others. 

The most elaborate descriptions of the insect fauna of Commentry are contained in the follow- 
ing memoirs i—Brongniart, Q., Recherches pour servir k l’histoire des insectes des temps primaircs, 
etc. Saint-Etienne, 1893. — Mcunier, F., Nouvelles* recherches sur quelques insectes du terrain 
homller de Commentry (Allier). Annales de Paleont., vols. iv., vi., 1906-12. 
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Among tlie Orthopterous Insects of the British series of Carboniferous rocks are 
a .number of forms allied to cockroaches, and nodules of the same age contain wings of 
Palaeodictyoptcrous and allied Insects, some of them showing colour bands ( Brodiea ). 
At Commentry (Allier), France, is found the richest deposit of Carboniferous Insects 
m the world, and this fauna has been ably investigated by Charles Brongniart 
(1893) and later writers. Very numerous fossil remains are known from different 
Mesozoic and Cenozoic horizons. The Insects found in the English and German 
Lias are for the most part small and insignificant, but there are known a moderate- 
sized dragonfly, and also a few Coleoptera. Various remains occur also in the Stones- 
field Slate, Purbeck, Wealden, Bagshot Beds (Upper Eocene), and Bembridge Beds 
(Oligocene) of England. Insects are well represented in the Lithographic Stone 
(Kimmeridgian) of BavaTia; in freshwater Oligocene deposits of Aix in Provence, 
and especially in Baltic amber of the same age from East Prussia ; in the Miocene 
brown coal of Pott near Bonn; in the Miocene lacustrine deposits of Oeningen, 
Baden, on Lake Constance; and in similar deposits of Florissant, Colorado, also 
of Miocene age. Many Insects also come from the Miocene deposits of Badoboj 
in Croatia, and from the Indusial limestone of Lower Miocene age from Offenbach. 
There is considerable reason to suppose that Insects were more numerous in species 
during Tertiary times than they are at the present day. 

In the system here adojited the winged or wingless condition iB made the basis 
for dividing Insects into two classes, Pterygogenea and Apterygogenea. The former 
of these comprises forty orders, thirteen of which are entirely extinct. The lowly 
organised class of apterous Insects comprises four orders, three of which have Tertiary 
representatives as well as Pecent, and the remaining order is without known fossil 
representatives. 

If the opinion of Lankester and Borner, that the primitive Insects have a special 
affinity with the Isopoda, he accepted, the discovery of Oxynropoda in the Devonian 
of County Kilkenny, Ireland, becomes of particular interest (see ante , p. 757). In 
the view of G. H. Carpenter, a more general relationship between Insects and 
Crustacea seems probable, so that this Devonian Isopod genus and the lowly organised 
Pterygotc order of Palaeodictyoptera must be regarded as having each advanced along 
different lines of specialisation from their common ancestors. The common stock 
from which both Crustacea and Insecta are descended must surely have been Arthro- 
pods with undifferentiated trunk-segments, yet on the whole, resembling primitive 
Crustaceans in structure, and possibly not very remote from Trilobites. 

Class 1. PTERYGOGENEA Brauer. 

Insects normally winged in the adult , or secondarily wingless , with faceted eyes , and 
abdomen usually with nine or ten distinct segments. 

f Order 1. PALAEODICTYOPTERA Goldenberg. 

Head moderately large , rounded, with simple antennae, mouth parts adapted for 
biting, and well-developed jaws. Two pairs of wings, subequal in size, of similar form 
and primitive venation , incapable of being folded backward over the abdomen ; sometimes 
a rudimentary third pair present on the first thoracic segment. Abdomen consisting of 
ten nearly homonomous segments which often exhibit pleural lobes . Terminal segment 
often with much elongated cerci. Thoracic legs similar . 

In this order the wing structure is very primitive (Fig. 1531), corresponding 

t This sign is used throughout the following pages to indicate that the systematic group referred 
to is extinct. 
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very nearly to the hypothetical type. Tlie cross- veins are numeious and more or 
less irregular ; the anal lohe is not separated by a fold ; the anal veins are always 

well developed, more or less branched, 
and curved regularly backward to the 
posterior margin ; and there is no 
anal fold nor fan -like plaitings. 
Larvae are similar to the imago. 

The Palaeodictyoptera are best 
regarded as a generalised group of 
very primitive organisation, and as 
the probable progenitors of all winged 
Fig> 153L Insects. They are restricted to the 

Diagram of the nenration of a primitive insect wing, one Paleozoic, aild occur in various 

of tlie Palaeodictyoptera. The principal longitudinal vems •p nripflT1 'N'orth American 

are connected hy a network of cross- veins, c, Costa; sc, European ana XNOrtn Amciican 

Suhcosta; r, Radius; rs, Radial sector; m, Media; cu, localities. lliere are about 120 
Cubitus ; a, Anal veins or nervures (after Handlirsch). known gpecieSj tlle ma j ority 0 f which 

are European, and about one-fourth of this number being found m tbe Carboniferous 
of the United States and Canada. Six species are known from the Pottsville, ten 
from the Kanawha and Little River groups, eleven from the Allegheny, one from the 
Conemaugh, and the remainder of American forms from the Productive Coal Measures. 
Many of these Insects attain considerable size. The following named families have 
been distinguished : 

Dictyoneuridae, of which the genus Stenodictya Brongn. (Pig. 1532) is an example, 



Fig. 1532. 

Stenodictya lobata Brongn. Stephaman (Upper Carboni- 
ferous) ; Commentry, Allier, France. Tbe antennae, ocelli and 
tarsi are reconstructed. 2 / 3 (after Handlirsch). 



Fig. 1533. 

Eubleptus tlnmcUi Jlanrtl. Coal Measures ; 
Mazon Creek, Illinois. The antennae, ocelli 
and tarsi are reconstructed. 2/, (after 
Handlirsch). 


Peromapteridae, Megaptilidae, Hypermegethidae, Mecynopteridae, Syntonopteridae, 
Lithomantidae, Lycocercidae, Homoiptendae, Homothetidae, Heolidae, Breyeriidae, 
Fouqueidae, Graphiptilidae, Spilapteridae, Lamproptilidae, Polycreagridae, Eubleptidae 
(represented by Eubleptus) (Pig. 1533), Metropatoridae, Paoliidae, Stygmdae, Aenigma- 
todidae, and Synarmogidae. 


t Order 2. MIXOTERMITOIDEA Handlirsch. 

Wings with broadly rounded apical border , their venation resembling that of the 
Palaeodictyoptera , but more highly specialised. 
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This order is probably ail early aberrant offshoot of the preceding group, and is 
known from two genera. Mixotcrmes Sterzel (Fig. 1534) occurs in the Coal Measures of 



Fig 1534. 

fthtotcrms lugannisfe Sterzcl. Coal Measures , 
Lugau, tiaxony. Fore wing. 2 /j. (after Hand- 
lirsch). 

Saxony, and Geroneura Matthew in the Litt 
to the Kanawha series) of New Brunswick. 



liecola 'purra Schlecliten. Coal 
Measures ; Wettm, Saxony. Foie 
wing 2 /j (alter Handlusch) 


River group (approximately equivalent 


f Order 3. RECULOIDEA Handlirsch. 

An early aberrant offshoot of the Palaeodictyoptera , with peculiarly specialised wing 
neumtion , and approaching in some respects to the Protorthoptera and Protollattoidea. 

This order was proposed in a provisional sense to include the single genus Eecula 
Handlirsch (Fig. 1535), from the Coal Measures of Saxony. 

f Order 4. PROTORTHOPTERA Handlirsch. 

TVing pairs of unequal size, capable of being folded backward over the abdomen, and 
with more complicated venation than in the preceding types , approaching in some respects 




Fig 1537. 


Oedischia williamoni Brongn Stephanian ; 
Commentry, France. A forerunner of fane Locus- 
toids, with long antennae and hind legs adapted 
for springing. % (reconstructed by Handlirsch). 


that of the modern Locustulae . Hind icings similar to the front pair , but with larger anal 
area, marked off by a fold . Antennae long and slender ; mouth parts strong, adapted 
for biting. Prothorax often elongated or saddle-shaped, legs similar in form, the third 
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pair sometimes elongated and adapted for springing; cerci short or of moderate sine; 
abdominal segments without lateral lobes. Females of some species with a well-developed 
ovipositor. 

This Paleozoic group is apparently intermediate in position between the Palaeo- 
dictyoptera and Orthoptera proper. There are upwards of ninety known species, 
about twenty of which occur in the Coal pleasures of North America, and forty in 
the Permian of Kansas. The following named families have been distinguished : 

Spanioderidae, of which the genus Spaniodera Handl. (Pig- 1536) is an example, 
Isehnoneuridae, Cnemidolestidae, Prototettigidae, Homaloplilebidae, Prot,okollariidae, 
Schuchertiellidae, Pachytylopsidae, Caloneuridae, Stenaropodidae, Oediselnidac (with 
well-developed Jumping legs as shown in Oedischia Brongn.) (Fig. 1537), Omalidae, 
Geraridae, Sthenarocendae, Apithanidae, Cacurgidae, and Narkemidao. 


Order 5. ORTHOPTERA Olivier. 

Mouth parts well developed , mandibulate 1 JVings unequal , capable of being folded 
backwards over the abdomen. Fore wings coriaceous , with numerous cross-vevns , and the 
principal longitudinal veins , with most of their branches , directed towards the outer 
margin. Sind icings thinner , delicately veined , with a large , plicated anal area. 
Prothorax saddle-shaped ; hind legs generally saltatorial. 

The Orthoptera are Insects of comparatively large size. The Largest of existing 
Insects are included within this order, and none of its members is so small as are 
many minute representatives of other orders. Modern forms include grasshoppers, 
locusts, green grasshoppers, katydids, and crickets. 


Suborder A. LOCUSTOIDEA Leach. (Locusts and Crickets). 

Cubital area in the fore wings of the male (in most modern forms) modified into 
stridulating organs; anterior tibiae with auditory organ ; tarsi three - or four -jointed ; 

antennae long and slender , consisting of 
more than thirty segments ; female almost 
always with well developed ovipositor. 

The earliest known members of this 
suborder are found in the Lias of 
Europe, and belong to the extinct 
families of Locustopsidae and Elcanidae 
(the latter typified by the genus Elcana 
Fio. 153S. Giebel) (Fig. 1538). Apparently no 

Elcana gein itzi Heer. $ Upper Lias ; Dobbertin in Stridulating organs were developed, but 
Mecklenburg. A true Locustoid, the cerci, tarsi and fu p Tr/|,> 0T11 /Up b-mwilbiv jmiwinrlntTM 
ocelli partly restored. io/ 3 (after Handlirsch). ^ ine J^UJUae JclineJiUI appendages 

have been observed on the posterior 
tibiae, by means of which the insects were probably able to ambulate on the surface 
of the water or liquid mud after the manner of some living Tridactylidae and 
Gryllidae. The Jura of Europe has yielded some true Locustidae (Green Gi*ass- 
hoppers) and Gryllidae (Crickets) with stridulating organs, and the families Tri- 
dactylidae and Gryllotalpidae make their appearance in the early Tertiary. Remains 



* By the term mandibulate or “ orthopteroid ” mouth is meant one m winch the mandibles, or 
maxillae, or both, are fitted for biting, crushing, or grasping food ; while the term suctorial implies 
that some of the mouth parts are of a tubular form or are protrusible as a proboscis, which assists, 
or protects, a more minute and delicate sucking apparatus. 
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of crickets are known from the Green. River Ecoene of Wyoming, and 
are found also, with locusts, m the Miocene lacustrine beds of 
Florissant, Colorado. Various European species are known of Dry- 
mad usa Stein. (Fig. 1539), and Gryllns Linn. (Fig. 1540). 



Fm. 1539 

DryimcLum sycciom (Deer). Miocene; Oemugen, Baden, a/j. 



Fig. 1540. 

Gryllus mcLcrocerms 
Gennar. Lowei Oli- 
gocene; Baltic 
amber % (after 
German). 


Suborder B. ACRIDIOIDEA Handlirsch. . (Grasshoppers). 


Stridulating organs situated in the hind femora and a modified longitudinal rein of 
the fore wings. Auditory organ on the side of the first abdominal segment. Antennae 
short, composed of less than thirty segments. Tarsi short , three-jointed. No exserted 


ovipositor in the female . 



Fio. 1511. 


Tijrbula russelh Scuddor. Miocene lake 
boils ; Florissant, Colorado, tyo (after 
Scudiler). 

This is a group of com- 
paratively late origin, and is 
lerived m all probability from 
the Locustopsidae or similar 
locustoid ancestors. Grass- 
hoppers are known from the 
Gfreen River Eocene of Wyom- 
ing, and from tlie freshwater 
Miocene of Florissant, Colorado, 
uid elsewhere. Tyrbula (Fig. 
1541) and Nanthacia Scudder, 
itc., are examples. 



Fin. 1542. 

Chresmda dbsivura Gormar. Lithographic Stone (Upper Jura) ; 
Solenhofen, Bavaria. (after Handlirsch), 


Order 6. PHASMOIDEA Leach. (Walking-sticks, Leaf Insects, etc.) 

Body usually long and slender , mouth parts orthopteroid , fore wings rarely well 
leveloped , without stridulating organ , and without visible demarcation between the 
vubital and anal areas. Hind wings with large , folded anal lobe; hind legs not 
\altatorial , usualhj long and slender like the other* pairs . , Gerci short , genital appendages 
)f the female not prominent , tarsi five-jointed. 

Here is placed tlie Upper Jurassic genus Chresmoda Germar (Fig. 1542), which, 
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as indicated by tbe structure of its legs, probably lived on the surface of the water 
as do modern Gerridae. True terrestrial Phasmoidea occur rarely in Lai tic amber 
and in the Miocene lake beds of Florissant, Colorado. An example from the latter 
locality is Agathemera reclusa Scudder. 

Order 7. DERMAPTERA De Geer. (Ear- wigs, etc.) 

Flat-bodied running Insects with prognathous , orthopteroid month parts; antennae 
simple , consisting of from ten to thirty segments. Fore wings , when present , very feebly 

developed , and forming short , coriaceous iegmina. 
Hind wings longitudinally and transversely plicated m 
a complex fashion , consisting almost wholly of the 
highly specialised anal lobe. Legs similar , with three- 
jointed tarsi ; cerci chelate. 

This is a specialised order, which makes its first 
appearance in the Tertiary of Europe and North 
America. Labiduromnia Scudder (Fig. 1543) is repre- 
sented in the freshwater Miocene of Florissant, Colo- 
rado, by about a dozen species. Forficula Linn, 
ranges from the Eocene to Recent. 

Order 8. DIPLOGLOSSATA de Saussure. 

Ijdbiduromma cxsulatum Scudder. 

Miocene lake beds; Fionssant, Colo- Includes the apterous, parasitical family Hemime- 
rado. -/ 2 (alter Scudder). ridae, living in Africa, unknown in the fossil state. 



Order 9. THYSANOPTERA Haliday. ( Physopodu auct.). 

Small terrestrial Insects with asymmetrical , Kypognathous , suctorial month parts , 
short antennae , slender wings which are fringed when present , but are often rudimentary 

T „„„ • '7 . ± • • / r _ , • • . , . J 


or wanting. Legs similar, tarsi with one or two joints , termi- 
nated by a vesicular structure ; cerci reduced ; genital appendages 
of the female forming a terebra. 

Several genera occur in the Oligocene and Miocene of 
Europe, and three in the Green River beds (Middle Eocene) 
along the White River in western Colorado. Thrips Linn. ; 
and Palaeothrips Scudder. (Fig. 1544) are examples. 





Flu. 1 54*1- 

+ Order 10. PEOTOBLATTOIDBA Handlirsch. Pulueathri pb fimilix Hcuddor. 

Gm*n River beds (Foeene); 

Insects usually attaining considerable size. Head not con- ^ ^ cu<lt or )' 

cealed beneath the prothorax , with orthopteroid mouth parts , and simple , numerously 
jointed antennae. Fore wings usually with multifur cate principal veins and numerous 
cross-veins; subcosta well marked; anal area distinctly limited by a furrow , anal veins 
mostly recurved. Hind wings with a distinct , enlarged , and folded anal lobe. Wings 
capable of being folded over the abdomen, and the forward pair overlapping the hinder. 
Legs non-saltatorial , the first pair sometimes robust and raptorial ' Abdomen rarely 
slender , generally more or less flattened ; cerci distinct ; female sometimes with a short 
ovipositor. 


This is an exclusively Paleozoic order, intermediate in position between the 
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Palaeodictyoptera and tlie true cockroaches and soothsayers (Blattoidea and Mantoidea) 
of later date. The less specialised members of this order are very similar to those of 
the parallel group Protorthoptera. 

The Protoblattoidea are well represented in the Carboniferous and Permian of 
Europe and North America by the following named families : 

Stenonenridae, Protophasmidae (typified by the genus Protophasma Brongn.) 
(Fig. 1545), Eoblattidae, Oryctoblattmidae, Aetophlebidae, Cheliphlebidae, Eucaenidae 



Fro. 1545. 


Prolaphasim drnmi Brongn. Stenhnman ; 
Commoutry, Franco. Antennae, ocelli, tarsi and 
del'd restored from analogy. 4 / a (alter Hand- 
lirsch). 



(typified by the genus Eucaenus Scudder) (Fig. 1546), Gerapompidae, Adiphlebidae, 
Anthracothremmidae, and (?) Onemidolestidae. 


Order 11. BLATTOIDEA Handlirsch. (Cockroaches 1 ). 

Head deflexed, often entirely concealed from above by the large shield-lihe pronotum ; 
with orthopteroid month parts and long , numerously jointed antennae. Legs similar , 
with five-jointed tarsi and long coxae. Fore wings or tegmina more coriaceous than the 
hinder pair , and more frequently preserved ; they are capable of overlapping above the 
abdomen; their subcostae are more or less reduced , and the anal area is distinctly 
separated by a curved furrow. Ilind wings vnth an enlarged , folded anal lobe. 
Abdomen short and broad , provided with cerci , but without visible female genital 
appendages. 

This order includes the majority of Paleozoic Insects, upwards of 300 species 
being known from North American strata, a still larger number from European rocks 
and a few from the Carboniferous of India. About 80 Jurassic species have been 
described, half as many Tertiary, and we are acquainted with about 1200 Recent 
species. In the most primitive family, the Archimylacridae, which includes more 
than one-tliird of the American Paleozoic species, the neuration still resembles in the 
main the Palaeodictyopteroid type. Highly characteristic of this family is the 
condition of the long subcosta or mediastinal vein of the tegmina, which sends off a 
large number of branches to the costal margin, either pectinate or arranged in groups, 
but never issuing ray-like from the base of the wing. 

1 Scudder, S. II., Revision of the American fossil Cockroaches. Bull. TJ.S. Geol. Surv., no. 124, 
1895. — Schlechtendal , D. von , Uber die Karbon-Insekten nnd Spinnen von Wettm. Leipzic, 1913. 
VOL. I 3 F 
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From this generalised stock have probably been derived a number of more 
ipecialised families, also limited to the Paleozoic (Upper Productive Goal Measures 

and Permian), among wliicli may 
be mentioned the following : 

Sin loblattimclae, with smooth 
fenestrated spaces between the bor- 
dered longitudinal veins of the 
tegmina ; Mylacridae, with the sub- 
costal branches given oil* from a 
common point of origin at the base 
(Fig. 1548, 0); Poroblattinidae 
and Neortliroblattinidae, with a 
very short subcosta ; Mesoblatti- 
nidae, with the subcosta forming 
only a callous at the base of the 
anterior border ; Pseudomy ] acridae, 
Diotyomylaeridae, N eomylacridae, 
Pteridomylaeridae, Idi om ylacridac, 
Diechoblattmidae, and Protere- 
midae. 

Tertiary cockroaches are all 
referable to modern families, and 
are probably descended, at least for 
the greater part, from the Mesoblattinidae, a family which is abundantly represented 
in Jurassic rocks. Many larval forms and even egg packets of cockroaches are found 



Neuration of one of the tegmina of a Paleozoic Cockroach 
Asemoblatta mazona (Send-), from the Coal Measures oi Illinois. 
The veins are named at the base of the tegmen, and the areas 
are marked along the margin. 2 /i (alter Scudder). 


C 



Fig. 1548. 

Types of fore wings in Paleozoic Cockroaches. 2 / lt A, Primitive Archimylacrid. JJ, Moro highly specialised 
Archunlyacnd. C, Afylacns, typifying the Mylacridae. Nervures are marked as m Fig. 1581. 


fossil. Specific determinations are often difficult, no two individuals being exactly 
alike, and differences often existing between the right and left wings of the same 
individual 
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Illustrations of the tegmina of typical Paleozoic cockroaches are shown in 
Pigs. 1547 and 1548. Among North American examples may he mentioned 
Adeloblatta (Fig. 1549) and Asemoblatta (Fig. 1547) Hand- 
lirscli, both from the Coal Measures of Illinois ; Phyloblatta 
and Bradyblatta Handlirsch, from the Peimian of West 
Virginia ; Etoblattina and Spiloblattina Scudder, from the 
Carboniferous and Permian respectively. 

Order 12. MANTOIDEA Handlirsch. 

(Soothsayers or Praying Insects). 

Head exserted but deflexed, not covered by the prothorax, 
which is elongate and variously formed , but never dis7c-U7ce. 

Mouth 'parts and antennae as in the Blattoidea . First pair 
of legs largely developed , raptorial , the coxae elongate and 
free; second and third pair of legs simple and similar ; the 
tarsi five-jointed , without a pad between the claws ; a pair of 
jointed cerci near the extremity of the body. Tegmina less 
highly specialised than in the Blattoidea , subcosta well de- F t 0 . 1541 ), 

veloped , anal area not so distinct. Ad&lohlut to, coiumb Lana 

(Scud.). Coal Measures ; Mazon 

The earliest members of this order are the extinct Creek, Illinois ^ (alter 
Palaeomantidae from the Upper Permian of Russia. Higher cu ° r '' 
types, such as the extinct Haglidae and Geinitziidae, appear m the Lower and Upper 
Lias respectively, of England and Germany. The latter family contains the single 
genus Geinitzia Handlirsch (Fig. 1550), represented by three 
species. Comparatively few Tertiary forms are known, but 
in the modern fauna the Mantidae are an extensive family, 
showing extreme variety in the shape of the body, and 
characterised by the very remarkable front legs. 





Fig. 1550. 

Gciiutzia sahlUffeni (Gem.). Upper Lias ; Dobbertin in 
Mecklenburg. 5/2 (after Handlirsch). 


Fig. 1551. 

Parotermcs tnsigms Scudder 
Miocene lake beds ; Florissant, 
Colorado. 


Order 13. ISOPTERA Bralld. (Termites or White Ants). 

Social terrestrial Insects. Head not concealed , with orthopteroid mouth parts , and 
simple antennae consisting of from nine to thirty-one joints. Wing pairs elongate and 
similar , anal area reduced , and, owing to a suture near the base of the wings , the 
latter are deciduous. Legs similar , the body terminated by a pair of short cerci , 
ovipositor concealed. Wingless individuals ( wor7cers , or sexually reduced males and 
females) are polymorphous. 

True Termites or White Ants appear first in the Eocene, and are represented in 
Tertiary formations by about forty species. In the modem fauna upwards of 350 
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species are known. Parotermes Scudder (Pig- 1551); Futermes Hoer ; and Hodotermes 
Hagen occur in tlie Miocene lake l>eds of Florissant, Colorado. 


Order 14. CORRODENTIA Burmeister 1 ( Copeognatha Enderlein). 

(Book Lice). 

Minute terrestrial Insects with specialised orthopteroid month parts , filiform or hair- 
like antennae , and two pairs of unequal membranous wings which are capable of being 
folded backward , with reduced cross-veins. Hind wings smaller , 
without folded anal lobe; neuration highly specialised. Legs 
homonomous , with two - or three-jointed tarsi. Prothorax small; 
cerci reduced , ovipositor not prominent. 

A number of species belonging in part to extinct and m 
part to still living genera is known from Baltic amber (Lower 
Oligocene of East Prussia), and from Sicilian amber of Upper 
Fio 1550 Miocene age. A very remarkable form witli hard, cliitinous 

SphaewpsocM kuemvh and interesting from a phylogenetic standpoint, is 

Hagen, oligocene amber ; Sphaeropsocus Hagen (Fig. 1552), preserved in Baltic amber. 
H^ t en) niSSia ' 15/l (alter The fifteenth order Mallophaga Nitsche, including parasitic 
Bird Lice or Biting Lice, with reduced mouth parts, and the 
sixteenth order Siphunculata Meinert ( = Anoplura Enderlein), which is allied to the 
Mallophaga but has suctorial mouth parts, comprise modern eotoparasitical Insects, 
and are not known to be represented in the fossil state. 



Order 17. COLEOPTERA Linnaeus. (Beetles). 

Terrestrial or aquatic Insects with orthoptcroid biting mouth parts and generally 
multiarticulate antennae. Four wings are present ; the upper pair shell-like in con ■ 
sistency , and forming cases {elytra) which meet 
together along the median dorsal line , so as to 
sheathe completely the delicate membranous hind 
pair. Legs generally homonomous or the third 
pair modified for swimming or leaping. Abdo- 
men sessile , without cerci or prominent ovipositor ; 
the number of visible segments more or less re- 
duced. 

Over 350 species of rather primitive Cole- 
optera have been found in Mesozoic strata, the 
largest number being from the Upper Jura. 

The majority of these cannot be positively 
assigned to Recent families, although it is 
certain that many of these were represented as 
early as the Mesozoic. On the other hand, 
most of the Tertiary Coleoptera belong to exist- 
ing families, and comprise nearly 2300 species. 

This, however, is a small number in comparison to something like 200,000 describee 
species of Recent beetles. 

The principal families which are represented in the fossil state are tlie Carabidae 
to which belongs the cursorial beetle Tauredon HandL (Fig. 1553); Elateridae 
Buprestidae ; Dytiscidae, eta The Strepsiptera of Kirby may be considered as j 

1 Enderlein , G. t Die fossilen Copeognathen und ihre Phylogenie. Palaeontogr., 1911, vol. lviii. 



Tauredon liomi Handl. Lithographic Stone 
(Upper Jura) ; Bavaria. % (after Handhrsch. 
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highly specialised parasitical group of Coleoptera. In North America, the division of 
the Ehynchophora is represented in the Cretaceous of Greenland by two genera 
(. Archiorhynclms Heer and Gurculiopsis Handl.), and much more abundantly m the 



Fro. 1/554. 


Cyphon vetu^tus 
Giebel. Purbeck ; 
Vale of Wardour, 
England. 6/1 (after 
Brodie). 



Fig. 1555. 


Cenilonopsis striata 
(Brodie) Purbeck ; 
Vale of Wardour, 
England 8 /i (aftoi 
Brodie). 



Fm. 1550. 

PaXtorh t/nvhus rectirostns 
Scudcler. Miocene lake beds , 
Florissant, Colorado. 5 /i. 



Fig. 1557. 


Apian refremtum, Scudder. 
Miocene lake beds , Floris- 
sant, Colorado. 3 % 


freshwater Miocene of Florissant, Colorado. The divisions Heteromera, Phytophaga, 
Lamellicornia, Serricornia, Clavicornia and Adephaga are also fairly well represented 
at the latter locality. Two English and two American species are shown in Eigs. 
1554-1557. 


Order 18. HYMENOPTERA. Linnaeus. 1 (Ants, Bees, Wasps, etc.). 


Terrestrial Insects mth a free head having well-developed mandibles ; the first and 
second maxillae are often elongated , and form in the higher groups a tubular proboscis 
adapted for sucldng. Antennae generally long and multiarticulate. Thorax and first 
abdominal segments fused, the rest of the abdomen generally well separated by a con- 
striction. Legs usually homonomous , with fiwe-jomted tarsi ; cerci not distinct ; genital 



Fig 155S. 

Atoms defmns Scudder Miocene lake 
beds ; Florissant, Colorado. 2 / 1 . 



Psendosirex schraeteri Germ. Litho- 
graphic Stone; Solenliofen, Bavaria. 1/1 
(after Oppenlieim). 


appendages of the female forming cither a more or less pronounced terebra or a sting. 
Four wings of membranous consistency and a reduced number of veins ; the front pair 
larger than the hind , which are always smaller and rarely fold up in repose. Wingless 
forms frequent. 


The earliest members of this order are of Jurassic age, and it is probable that some 


1 Mayr, G. t Die Ameisen ties baltisohen Bernsteins. Schriften der pliys.-okon. Ges. Konigs- 
berg, 1868. — Idem, Studien uber die Radoboj -Formiciden. Jahrb. geol. Reichsanst. Wien, 1868, 
vol. xvii. — Wheeler, W. M., Ants. New York, 1910. 
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primitive types of the suborder Symphyta were already in existence during the Mesozoic, 
although the most primitive saw-flies (Lydidae or Pamphilidae) are not known from 
rocks older than the Tertiary. About 2900 Recent species of saw-flies are known, 
several are preserved in Baltic amber, and fifty or more have been described from 
Tertiary strata in Europe and North America. Of this number thirty- three occur 
exclusively in the Miocene lake beds of Florissant. Here belong 
the genera Dineura and Taxonus Dahlb. ; Tenthredo Linn.; and 
Atocus Scudder (Fig. 1558). A group of more highly specialised 
Siricid-like Insects, constituting the extinct family Pseudo- 
siricidae (. Pseudosirex Weyenb.) (Fig. 1559) is rather abundant in 
Jurassic formations of Europe, being accompanied by forerunners 
of the next higher suborder, Apocrita. A great expansion of 
the order took place during the Cretaceous, contemporaneously 
with the rise of Angiosperms. 

Nearly all of the principal modern families are represented 
in the Mid-Tertiary formations, as for instance true saw-flies of 
the family Tenthredinidae ; Siricidae ; various subfamilies of the 
no. 1560. . parasitic Ichneumonidae ; small Cynipidae or gall-flies; Sphecidae; 

M ayr^o werOi i gocen e ; Vespidae or wasps ; Formicidae or ants (Fig. 1560); and Apidae 
lumber. 2 A (after or ^ ees> Ants are exceedingly abundant m the Miocene lake 
beds of Florissant, Colorado, thousands of individuals having been 
obtained, and true wasps and bees are also present in large numbers. About 
5000 species and sub-species of ants belonging to the modern fauna have been 
described, as compared with about only 300 Tertiary species. 


t Order 19. HADENTOMOIDEA Handlirsch. 

This order, comprising a single family and genus, is evidently derived from the 
Palaeodictyoptera, and shows specialisation in the reduced venation of the homonomous 
wings. The small Carboniferous genus Eadentomum Handl. (Fig. 1561) is perhaps 
transitional to the next following order. 


Order 20. EMBIOIDEA Kusnezow 

(Oligoneum Borner). 

Terrestrial Insects with prognathous orthopteroid 
mouth parts , homonomous free thoracic segments, 
apterous or with homonomous icings showing re- 
duced renation. Antennae multiarticulate ; cerci 
present ; first pair of legs with a spinning apparatus. 

Modem Embiidae are one of the smallest 
families of Insects, not more than sixty species 
being known from all parts of the world, and 
the group being an obscure one. They are small 
and feeble Insects, and, as indicated by their 
wide distribution, are to be looked upon as the 
remnants of a once flourishing stock, . A few 
fossil remains have been found in Baltic amber and 1SIJ1 - 

in the Miocene lake beds of Florissant, Colorado. 
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f Order 21. SYPHAROPTEROIDEA Handlirsch. 

Body slender , of small size, with homonomous seymmts and two pairs of homonomous 
ivings in which the medial and cubital veins are greatly reduced . 

This order, erected to contain the single genus Sypharoptem Handl. (Fig. 1562), 



Sypharoptem pneuma Hand!. Coal Measures ; Mazon Creek, Illinois. 4/i (after Handlirsch). 


is probably to be regarded as a highly specialised lateral aberrant offshoot of the 
Palaeodictyoptera. It is confined to the Upper Carboniferous. 


f Order 22. HAPALOPTEROIDEA Handlirsch. 

Like the last, this order is probably a specialised derivative from the Palaeo- 
dictyoptera, and appears to be related to primitive types of the next succeeding order. 



Fro. 1563. 

Hapaloptera gracilis Handl. Coal Measures ; Tremont, Penna. % (after Handlirsch). 

In the Carboniferous genus Hapaloptera Handl. (Fig. 1563), the wings have the 
media and cubitus reduced, and the sector radii well developed. 
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Order 23. PERLARIA Handlirsch. (Plccoptera Burmeister). 

Amphibious Insects with prognathous orthoptei'oid mouth parts and long multi- 
articulate antennae. Body segments very nearly honionomous , leys fairly similar , and 

wings with a rather specialised venation , generally showing 
a few cross-veins. Hind wings often with a conspicuous 
folded anal lobe ; cerci usually well-developed , tarsi three- 
jointed ; females without a prominent terebra. 

Fig. 1564 From the Permian of Russia and North America 

Leuctm gracilis Pictet. Lower are known a number of Insect remains which appear to 
Pictet) 6116 ’ BaltlC ainber * 4/l (after belong to this order, but whose precise relations are 

difficult to determine. A few undoubted representatives 
of the order, such as Mesonemura, Mesoleuctra and Platyperla Brauer, occur in the 
Middle Jura of Siberia, and several genera, including Pei'la Ueoffr., and Leuctra 
Steph. (Fig. 1564) are preserved in Baltic amber. 



f Order 24. PROTEPHEMEROIDEA Handlirsch. 

Amphibious Insects of Palaeodictyopteran aspect. Wings homonom.ons , with a very 
primitive venation and numerous cross-veins , but also showing intercalary veins extending 
longitudinally. Thorax and abdomen with very 
nearly homonomous segments; legs similar ; cerci 
long. 

Here is placed the solitary genus Tnplosoba 
Hand! ( = Blanchardia Brongn.) (Fig. 1565) from 
the Upper Coal Measures (Stephanian) of Com- 
mentry, France. It is regarded as a connecting 
link between the Palaeodictyoptera and true 
Ephemeridae or may-flies belonging to the next 
order. 



Order 25. PLEOTOPTERA Packard 
( Agnatha auct.). (May-flies). 


Fig. 1005. 

Tri'plosoba pulcMla (Brontfn.), Stojilian- 
lan; Coinmentry, Franco. J /i (after 

Delicate amphibious Insects with atrophied ortho - ** ^ 

pteroid mouth parts , short antennae , and four membranous wings having both intercalary 
and cross-veining ; the hinder pair in all Decent and many fossil 
species more or less reduced and sometimes wanting. Antennae 
short , with two basal joints and an apical needlc-Ulce segment. 
Ocular organs large , often divided. Prothorax small , legs slender , 
the first pair elongated , antenniform ; tarsi more or less reduced , 
cerci slender , very elongate ; last segment often filiform. Larvae 
with respiratory abdominal legs. 

This order is well represented in the Permian, Jurassic, 
and Tertiary deposits of Europe and North America, The 
older forms differ from existing Ephemerids in having the hind 
Fig. 15G6, wings equal in size to the front pair, and in having more com- 

Cromcus anomaius plicated venation. Later and more highly specialised forms 
ceneTBaiticTmbe? 11 ^ ^ ave rec ^ uce d venation. Nearly 300 species of may -flies are 
(after Pictet). “ known in the modern fauna, but these probably represent, as 
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Scudder suggested, the lingering fragments of an expiring group. The genera 
Gronicus Eaton (Fig. 1566) ; Pahngmia Burm. ; Baetis Leach ; and Ephemera Linn, 
occur in Baltic amber, and the last-named is found also in the Miocene lake beds of 
Florissant, Colorado. 


f Order 26. PROTODONATA Brongniart. 

Mostly very large Insects with large eyes and heavy jaws ; segments of the thorax 
unequal , legs stout, homonomous . Wings subequal , horizontally expanded and with a 



Mcganeum monyl Brongn. Stcplianian (Upper Productive Coal Measure*) ; Coramentry (Allicr), France, 

Vtt (after Brongniart). 

finely reticulated venation ; the hinder pair somewhat dilated towards the base, without 
fllds. Nodus , pterostigma, wing triangle, quadrangle, reduction of the anal vein, and 
other characteristic wing structures of the true Odonata are not developed in this order . 
Sector radii and media probably not crossed. Abdomen slender. 

This group is of transitional character between the Palaeodictyoptera and the true 
Odonata or dragon-flies. Its geological range is from the Coal Measures to the Trias, 
and the several genera belonging to it are grouped under the families Protagrionidae, 
Meganeuridae and Paralogidae. In all, less than a dozen species are known, only 
three of which are North American. These last are referred to the genera Paralogus 
Scudder, typified by P. aeschnoides from the Coal Measures of Rhode Island ; Palaeo- 
therates Handlirsch, from the corresponding horizon in Pennsylvania; and Tupus 
Sellards, from the Permian of Kansas. The gigantic Meganeura Brongn. (Fig. 1567), 
from the Upper Coal Measures (Stephanian) of Commentry, France, measured over 
75 cm. across the extended wings. 
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Order 27. ODONATA Fabricius. 1 (Dragon-flies). 

Elongate Insects with very mobile head and large eyes , highly specialised uvthopt eroid 
mouth parts and small , inconspicuous antennae terminating in a bristle. Thorax 
highly specialised ; legs similar , all placed more anteriorly than the wings. The wings 
are elongate , equal or subequal in size and similar m texture , membranous, finely 
reticulated , with a nodus, pterostigma , more or less developed triangular areas, and 

especially characterised by 
the crossing of the anterior 
branches of the medial vein 
by the radial sector. Abdo- 
men slender and elongate, 
consisting of ten segments 
and a pair of terminal 
caliper-like processes ( cerci ) ; 
females sometimes with a 
terebra. The earlier stages 
of life are aquatic ; the 
mouth of the nymph develops 
a peculiar structure called 
the u mask 

True Odonata appear 
first in the Lower Lias, and 
are present throughout the 
Mesozoic and Tertiary. 
Most of the Jurassic types 
belong to the suborder 
Anisozygoptera, which is 
represented in the modern 
fauna by but a single 
species. The more advanced 

nu. jLtiuo. * _ _ 

Tarsophlebia exmia Hagen. Lithographic Stone (Kimmeridgmn) ; suborders, ^ygoptcra and 
Eichstadt, Bavaria. An Upper Jurassic dragon-fly with long, forwardly Anisoptera, became domi- 
d, rested legs. % (after Haadlirsch). nant dmjBg ^ 

and comprise at the present day upwards of 1000 and 1300 species respectively. 

In the Anisozygoptera the wings are snbequal and the nodal region resembles that 
of the next succeeding suborder, but triangles are not formed by the cubitus and 
cross-veins. Here belong the extinct families Diasatommidae ; Heterophlebiidae ; 
Tarsophlebiidae (typified hy the genus Tarsophlebia Hagen, Fig. 1568) ; Steno- 
phlebiidae and Isophlebiidae. 

In the Anisoptera the hind wiDgs are considerably broader than the front pair, 
the nodal region is generally situated in the middle of the costal margin and the 
triangle formed by the cubitus and two cross-veins is well developed. A single 
species belonging to the genus G-omphoides Selys is known from the English Lias, and 
a number of allied genera, such as Nannogomphus and Mesuropetala Hand! ; 
Protolindenia and Gymatophlebia (Fig. 1569) Deichmuller ; Aeschnidium Westwood, 
eta, occur in the Upper Jura. In Tertiary strata the families Gomphidae, Aeschnidae 
and Libellulidae are represented hy about sixty species. As an example of Tertiary 
Anisoptera may be mentioned Stenogomphus carletoni Scudder, from the Eocene strata 
of Roan Mountain, Colorado. 

* Kirby, W. F., Synonymic Catalogue of Neuroptera Odonata, with an appendix of fossil 
species. London, 1890. — MuttkoiosTd , It. A., Catalogue of the Odonata of North America. Bull. 
Public Museum of Milwaukee, 1910, vol. i. 
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In the suborder Zygoptera the wings are equal, no triangle is formed by the 
cubitus and cross-veins, and the nodal region is situated very near the base of the 
wings. Half a dozen species are known from the Upper Jura, and a considerably 
huger number, mostly belonging to the family Agrionidae, occur m the Oligocene and 
Miocene of Europe and North America. Dysagnon Scudder is represented by a few 
species in the Green River Eocene of Wyoming, and several species closely related 



to living forms j are known from the Miocene lake beds of Florissant, Colorado. 
Here also occurs Argia alima (Scud.) (Fig. 1570), together with representatives of 
several related forms, such as Melanagrion Cock. ; Lithagrion Scud.; and Hesperagrion 
Calvert. The most interesting dragon-fly from this locality, however, is Phenacolestes 
Cockerell, which has been made the subject of special investigation by P. P. Calvert 
(Proc. Acad. Nat. Sci. Philad May 1913). 

Order 28. MEGALOPTERA Latreille. (Alder-flies). 

Head with prognathous orthopteroid mouth parts and multiarticulate antennae. 
Four membranous wings of moderate sine, meeting in repose over the bach at an 
angle; the hinder pair slightly the smaller; anal area plicate. Venation of a some- 
what archaic type , the nervures and transverse veinlets being moderately numerous , 
and forming irregularly disposed cells. Segments of the thorax nearly egual , legs 
homonomous , with five -jointed tarsi ; cerci usually 
reduced , ovipositor not prominent. Larvae of aquatic 
habits , possessed of branchiae and legs , but no spiracles , 
and with mandibles formed for biting , armed with strong 
teeth. 

This group has a long geological history, extending r „ . . U7 *'. . . - 

xrom the Lower JLnas onward to the present day, and is oiiRocene ; Baltic amber. ty:s (after 
probably descended from Palaeodictyopteroid ancestors. pictet ^ 

The genera Ghauliodites Heer, and Triadosialis Handlirsch occur in the Lower Trias 
(Bunter) of Germany, and an undoubted larval form, Mormolucoides articulatus 
Hitchcock, is not uncommon in the Upper Trias of Turner’s Falls, Massachusetts. 
In this latter a head, or thorax, of three segments, and an abdomen of nine segments 
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are recognisable. Ghauliodes Latreille (Pig. 1571), an interesting form, is preserved 
in Baltic amber of Lower Oligocene age. 

Order 29. RAPHIDIOIDEA Handlirsch. (Snake-flies). 

Terrestrial Insects with prognathous orthopteroid mouth parts and long , multi- 
articulate antennae. Head large , abdomen slender , prothorax greatly prolonged and 
very mobile . Wings similar, membranous , of nearly equal size; venation more highly 
specialised than in the Megaloptera , with a prominent pterostigma ; anal veins forming 
several irregular cells , of moderate size, and never fan-shaped in arrangement. Legs 
similar, with five-jointed tarsi ; no cerci ; females with an elongate exserted ovipositor. 
Larvae of terrestrial habits , without abdominal legs and furnished with mouth parts 
adapted for biting. 

Only two Recent genera are known, Raphidia Burm., and Inoccllia Schneid., 
comprising in the aggregate about forty species. The former of these occurs fossil in 
Baltic amber of Lower Oligocene age, and both genera are represented in the Miocene 
lake beds of Florissant, Colorado, by a few species. Megaraphidia elegans Cock, also 
occurs at the last-named locality. It is to be inferred, however, that the group is 
of pre-Tertiary origin, inasmuch as the modern genera are peculiar to the Palearctic 
and Nearctic regions. 


Order 30. NEUROPTERA Linnaeus. (Lacewing-flies, Ant-lions, etc.). 

Usually slender, often very small Insects of terrestrial habits, with orthopteroid 
mouth parts and generally long and multiarticulate antennae. Wings membranous, 
subequal in size , with much reticulation, and longitudinal veins giving off numerous 
branches towards the margin, some of them distally forked , anal area not defined, with 
few irregular veins ; pterostigma seldom developed. Legs similar , with five -jointed 
tarsi, front pair sometimes raptorial; abdomen without cerci or ter cbm. Larvae either 
aquatic and provided with respiratory abdominal legs , or terrestrial ; in both cases with 
mandibles and maxillae co-adapted to form spear-like organs that are suctorial in f unction. 


In the emended sense this order includes only a limited number of species, of 
which about 1300 are Recent, less than 30 are Cenozoic, and a small number are 



Prohemerobms prodromus Handl. Upper Lias ; 
Dobbertm m Mecklenburg. 8/. (reconstructed by 
Handlirsch). 


Fig. 1078. 

Brongniartlella inconditism.ma, Handl. 
Lithographic Stone ; SolonhoJbn, Havana, 
s/s (after HancllirBch). 



lesozoic, most of the latter being from the Upper Lias. The grouj^ is of ancient 
lineage, and is undoubtedly derived from Palaeodictyopteroid ancestors. The oldest 
and most primitive family, that of the Prohem erobiidae, is represented in the Lias 
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vcl& Upper Jura by twenty-two species, some of wliich attain considerable size. The 
genera Prohemerobius (Fig. 1572) and Archegetes Handl. ; and Brongniartiella Meunier 
(Fig. 1573) are examples. 

Other families of Neuropterous Insects which are restricted to the Mesozoic, such 
as the Epigambridae, Solenoptilidae, Nymphitidae, Kalligrammidae and Mesoehryso- 
pidae, show a certain approximation to Tertiary and modern forms. Members of the 
now flourishing Osmylidae, Sisyridae, Nymph idae, Hemerobiidae, Coniopterygidae, 
Chrysopidae, Nemopteridae and Myrmeleonidae have been recorded from Tertiary 
rocks. The genera Osmylus Latr ; Osmy- 
lid%a Cockerell ; JBotliromicromus , Tribo- 
clmjsa and Pcdaeochrysa Scudder are 
represented in the North American Mio- 
cene. The last-named genus is represented 
by four species at the Florissant locality, 
and Tribochrysa by one. A single species 
each of Polystoechotes Burin., and Halter 
Rambur, has also been described from the 
same locality. 

f Order 31. MEGASECOPTERA 
Brongniart. 

Insects with slender body , the segments 
of which are very similar , long antennae 
and ccrci, and homonomous legs. TFmg 
'pairs equal , horizontally expanded , venation 
specialised in that there is a reduced number 
of branches and cross-veins. 

This is an exclusively Paleozoic group, 
derived from the Palaeodictyoptera, and 
probably the progenitor of the next sue- Fig. 15T4. 

ceeding order. Here belong the families Mischoptera woodwmfo Brongn Stepliaman (Upper 
Diaplum 0] iteridae, Corydaloididae, Cam- g" ^ ** 

pyloi>teridae, Mischopteridae (typified by 

the genus Mischopt^a Brongn.) (Fig 1574), Raphidiopsidae and Prochoropteridae. 

Order 32. PANORPATAE Brauer ( Mecaptera auct.). (Scorpion-flies). 

Terrestrial Insects with orthopteroid month parts and long , multiarticulate antennae. 
Prothorax smaller than the remaining segments ; leys similar , toith five-jointed tarsi ; 

abdomen slender , with short cerci and 
large genital appendages in the male. 
Wings equal , membranous , without en- 
larged anal lobe , and with a limited 
number of secondary branches and cross- 
veins . 

This order, which is now in a state 
of decline, is abundantly represented 

Nenrthnpftiabwb wtcviipmmx Han<u. Upper Lms ; Dob- in the Lias and Upper Jura of Europe, 
bertm m Mecklenburg, c/i (after Hantllirsch). , r , « , , ,, rsr . , , , f. 

* Most of the iossu species belong to the 

family Orthophlebiidae, of which the genera Orthophlebia Westw., and Heorthophlebia 
Handl. (Fig. 1575) are examples. True Panorpidae and Bittacidae occur in the 
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Tertiary of Europe and North America. Representatives of tlie families Meropidae 
and f Eohanksiidae, tlie latter typified by Eobanksict Cockerell, are also known from 
the Florissant lake beds. About 100 Recent species of Scorpion -(lies are known. 


Order 33. TRICHOPTERA Kirby ( Pliryganoidea Stephens). 


Moderate-sized, water-frequenting Insects with long , multiarticulate antennae and 
reduced or obsolete mandibles , but well-developed maxillae . Wings membranous, unequal , 
more or less clothed with hair, nervures dividing at very acute angles ; the front pair 
with longitudinal veins moderately branched , very few cross-veins , specialised anal atea, 

and often a pterostigma ; the hind pair generally 
with an enlarged and plicated anal lobe. Pro- 
thorax small , legs similar, with five-jointed tarsi 
and prominent spurs ; cerci reduced, terebra 
wanting . Larvae aquatic, with well - developed 
mandibles, and as a rule providing themselves with 
cases or tubes formed of extraneous matter. 



OtL 


fig. 1576. Some half - dozen genera comprising fifteen 

Necrotaulius intermedins Handi. Upper species of primitive Caddis-fiies are known from 
Handhrsch), Mesozoic rocks, most ol them belonging to tlie 

extinct family Necrotanliidae. Nccrotaulius 
HandL (Fig. 1576) ; and Trichopteridium Geinitz are examples from the Upper Lias 
of Germany. About 1400 Recent and 200 Tertiary species have been recorded, 
of which 24 occur in the Miocene lake beds of Florissant, Colorado. At this 
locality remains in the imago state are extremely abundant, and many such remains 
have been found in Europe. On the other hand, the so-called indusial limestone 
of Auvergne, which is from two to three metres thick over a wide area, is largely 
composed of the cases of Phryganoid larvae. Similar masses of tubes occur also in 
the Green River Eocene of Wyoming. 


Order 34. LEPIDOPTERA Linnaeus. (Butterflies and Moths). 


Terrestrial Insects with suctorial mouth parts , in which the mandibles are almost 
invariably reduced and the first maxillae are either small or, in higher forms, prolonged 
in a spirally coiled proboscis; antennae multi- 
articulate and of various shapes. Fore and hind 
wings unequal in size, membranous and densely 
covered with scales ; the hind pair shorter and 
usually without enlarged anal area. Longitu- 
dinal veins giving off but a limited number of 
straight branches, and with very few cross-veins. 




Fig. 157S. 


Fig. 1577. 

Phragnuitoecites damesi Opppnh, Middle Jura ; 
Siberia, -i/g (after Oppenheim). 


Eocicadu lumeen Handi. Lithographic 
Stone (Upper Jura) ; Sohmhofen, Bavana. 
An Upper Jurats ic Lepidoptorid, the antennae 
and ocelli restored. % (after Handlirsch). 
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Thorax much abbreviated , legs similar , with spurs , no cerci or terebra. Larvae with 
mandibles, thoiacic and abdominal legs. 


The earliest undoubted traces of Lepidoptera are found in Jurassic strata of 
England, Spain, Bavaria and Siberia, and comprise a number of genera belonging to 
the family Palaeontinidae. Phragmatoe- 
cites (Fig. 1577), Eocicada (Fig. 1578), and 
Prolystra Oppenheim are examples, these 
forms being somewhat distantly allied to 
the non-suctorial Limacodidae of our own 
day. Several modern families make their 
appearance in the Tertiary, but are repre- 
sented by relatively few species. The 
total number of Tertiary species is not 
over 85, as against some 60,000 Recent 
butterflies and moths. Among North 
American examples may be mentioned the 
following from the Miocene lake beds of 
Florissant, Colorado, all described by 
Scudder: Prodry as persephone (Fig 1579), 

Barbarothea jlorissanti (Fig. 1580), Jupiteria charon , Lithodryas styx , Nymphalites 
obscurus , Prolibythea vagabunda , Psecadia mortuella , and Stolopsyche libytheoides. 
From the same locality Cockerell has described Ghlorippe wilmaUae and some other 
species, including a well-preserved larval form known as PJiylledestes vorax . 



Fifl. 1579 

ProdryiLS ptnephone Scudder. Miocene lake beds ; 
Florissant, Colorado, i/j (alter Scudder). 


Order 35. DIPTERA Linnaeus. (Flies). 

Terrestrial or amphibious Insects with highly specialised suctorial month parts. 
Antennae cither long and multiarticulate , or consisting of a limited number of similar 
or dissimilar joints. Only the fore livings are prominent ; these are usually well developed , 

membranous , highly specialised , narrow , with 
few cross - veins, and longitudinal veins 
sparingly branched. Hind wings always 
reduced to clubbed filaments, the so-called 


Fig. 1581. 

Architipula seebachwm Handl. Upper 
Lias ; Dobbertin In Mecklenburg. % (alter 
Ilandlirsch). 

“ haMeres.” Thorax much abbreviated, legs generally homonomous, with five-jo%nted tarsi ; 
abdomen without terebra or visible cerci. 

Upwards of 44,000 Recent and 1550 Tertiary species are known, 125 of the 
latter being North American. The earliest Flies are found in the Upper Lias, and 
comprise about 30 species, nearly all of which belong to the suborder Orthorrapha 
of Brauer. They are grouped in the following named families: Protorhyphidae, 
Mycetophylidae, Bibionidae, Psychodidae, Eoptychopteridae, Architipulidae (typified 
by the genus Architipula HandL) (Fig. 1581), Tipulidae and Rhyphidae. In the 




Fig. X5S0. 

Jtai-Uaruthca florissanU Scudder. 
Miocene lake beds; Florissant, Colo- 
rado. i/l (alter Scudder). 



816 


ARTHROPODA 


PHYLUM YII 


Tertiary of North America the same suborder is abundantly represented, especially 
in the Miocene lake beds of Colorado, where thousands of individuals and hundreds 
of species have been found. The suborder Cyclorrapha is likewise well represented 



/ 

Fig. 15S3. 

Nccromyza pcdata Scudder. Miocene, Oemngen, 
Baden, rj/j (aftei Scuddei). 



Fig. 1583. 

Bibio sticheh Handl. 9 Miocene ; Gotschee, Cannthia. 
6/ x (after Haudlirsch). 



Fig 1584 

Punthetrui (ahutula Harnll. Oligocorm ; 
BnlisU Columbia »Yi 



ChironoinuA nteyan Hoer. Miocene ; Oeningen, 
Baden ^ (after Heoi). 



Fio. 1580. 

Patent! tala h Jlariyerus Mcuddor 
Miocene lake beds ; Florissant, 
Colorado. a /j (after Hcudder)* 


in the Miocene of Colorado, where numerous species occur, also in British Columbia, 
and in the Green River Eocene of Wyoming. In the European Tertiary nearly all 
of the modern families are represented, a few examples of which are shown in the 
accompanying Figs. 1582-86. The most interesting genus from the Florissant locality 
is Glossina , the tsetse fly, two species of which occur here hut not elsewhere in the 
western world. 
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Order 36. SUCTORIA De Greer (JSiphonaptera, Aphaniptem auct.). (Fleas). 

Small , wingless , semiparadtic Insects with slender body , suctorial mouth parts , short , 
clubbed antennae , and legs adapted for 
springing ; tarsi five-jointed . 

The sole representative of this order m 
the fossil state iR a species of Palaeopsylla 
Wagn. (Fig. 1587) preserved in Baltic 
amber of Lower Oligocene age. It is 
interesting to note that Recent species of 
this genus are restricted to central Europe, 
and still inhabit the same region as in 
mid-Tertiary times. 

f Order 37. PROTOHEMIPTERA fio ids7. 

Handlirsch. Palacopsiflla Uehsictna Dampf. Low ei Oligoceno , 

Baltic amber, tt/j Qaltei Dampf ). 

Head small with projecting suctorial 

mouth parts differing from the beak of true Hemiptera only in that the palpi of the 
second maxilla are not fused in the middle line. Body stout , with a broad pronotum. 
Wings horizontally expanded , the venation primitive , resembling that of the Palaeo - 
dictyoptei a, and with numerous cross-veins ; the anal area not separated off by an anal 
fur 7 ow so as to form a distinct region or 11 clavus. )} Front 
/ legs long and probably raptorial. 

|| The sole representative of this group so far as 

known is Eugereon Dohrn (Fig. 1588), the genotype 
of which is the highly interesting E. boeckingi 
Dohrn from the Lower Permian of Oldenburg. 
It is a generalised form, and may be regarded as 
connecting link between the Palaeodictyop- 
tera on the one hand, and the Homoptera and 
Hemiptera on the other. 


f Order 38. 

PALAEOHEMIPTERA 

Handlirsch. 

A provisional group , estab- 
lished for the reception of cer- 
tain fragmentary remains , 
mostly wings , which combine 
in themselves the characters of 
the Homoptera and Hemiptera. 
The “ clavus ” or anal region 
is separated by a straight ridge , 
the corium and membrane are 
not distinctly separated. 



Fio. 1GS8. 

Eugereon boei'kingi Dohrn. Porimau ; Birkonfeld in Oldenburg. 
3/* (after Dohrn). 


Here are placed the families Prosbolidae (typified by the genus Prosbole Handl.) 
VOL. I 3 G 
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(Fig. 1589), and Scytinopteridae, both, restricted to the Permian, and the Dimorpho- 
ptilidae from the Lias. 



Order 39. HEMIPTERA 
Linnaeus ( Ileteroptera 

auct.). (Bugs). 


Terrestrial or aquatic Insects 
with suctorial month parts con- 
sisting of a mobile prognathous 
bealc ( the fused palpi of the 
second maxillae) which contains 
the setiform mandibles and first 
maxillae Antennae never mnlti- 
articulate and exhibiting a variety of form , often concealed in aquatic forms. Fore 
wings covering the abdomen , their apical areas mostly membranous and overlapping , 
their basal moieties generally coriaceous , with a definitely limited anal area or “ claims ” 
Hind icings concealed and with a somewhat reduced venation. Body more or less stout 
and depressed ; prothorax 


Prosbole hirsuta HandL 

a/i (after 


Upper Permian ; Tichagori, Russia, 
"ter Handlirsch). 



tf 


large ; legs similar , with few 
tarsal joints , and variously 
adapted as for raptorial , 
saltatorial , fossorial , or 
natatory functions ; cerci 
wanting. 

Two main divisions are 
recognised, Gymnocerata or 
terrestrial Bugs, and Crypto- 
cerata or aquatic Bugs. 

Both groups are represented 
in the Mesozoic, hut many 
of these ancient types cannot 
he included within the limits 
usually assigned to modern 
families. During the Ter- 
tiary, on the other hand, no forms existed which differ markedly from I lucent types, 
and nearly all of the modern families are here represented. The following named 
families are among the most important of those occurring in the Mesozoic : 
f Axchegocimicidae (typified by Archegodmex) (Fig. 1590), t Progonooimicidae, 
f Eocimicidae, t Eonabidae, t Hadrocoridae, f Cuneocondae, Proboscanionidae, 
f Apopnidae, f Pachymeridiidae, f Protocoridae, t Sisyrocoridae, t Diatillidae, 
Coreidae, Nepidae, Belostomidae (typified by the genus Mesobclostomum Haase) (Fig. 
1591), Naucoridae, Notonectidae, and Corisidae. 


Fig. 1500. 

Archeyowmex geinitzi 
Hand!. Upper Lias ; Dob- 
bertm m Mecklenburg. 
6 /i (after Handlirsch). 



Fin 1001. 

Mmbclostnmt'iii, deperthlim Ocrmnr. 


Upper Jura; Bohmholen, 
(alter Ueichimlllor). 


Bavaria. % 


Order 40. HOMOPTERA Leach. (Plant-lice, Wax-bugs, 
Harvest-flies, etc.). 

Exclusively terrestrial Insects with hypognathous suctorial mouth parts having the 
same conformation as in the Hemiptera. Antennae usually with heleronomous segments , 
often short and bristle-like . Wings as a rule not overlapping and disposed in a more 
tectiform attitude , rarely coriaceous ; “ clavus ” in most forms distinctly bounded. Jhnd 
wings generally smaller than the forward pair , sometimes with an enlarged anal lobe. 
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Prothorax relatively large ; legs similar , or the third pair adapted for springing ; 
abdomen without cerci , females often urith a terebra. 

Tins group is divided into five suborders, the most primitive of which is the 
Auchenorhynolia, ranging from the Lias onward. It is represented in Mesozoic rocks 
by 50 species, in the Tertiary, by about 200, and in the modern fauna by upwards 
of 10,000. Most of the Jurassic species belong to the families Fulgondae (typified 
by Fulgoridium Hand!) (Fig. 1592) ; f Procercopidae (typified by Procercopis Hand!) 



i\d(jondmm< pallidum Handl. Upper 
Lias Dobbertm in Mecklenburg, b/j 
(after llandlirscli). 



Prouercopis alntcura Handl. Upper Lias ; Dobbertm in 
Mecklenburg *h (after Handlusch). 


(Fig. 1593); and Jassidae. One species of Cicadidae is reported from the Cretaceous, 
and a dozen from Tertiary strata. The Fulgoridae, Cercopidae and Jassidae are 
represented by numerous species in the Tertiary, and are now flourishing families. 
The suborders Psylloidea and Aphid oidea have a continuous range from the Jura 
onward, and the division of Aleurodoidea is Tertiary and Recent, but is represented 
by relatively few species. Plant-lice (Apliididae) and Harvest-flies (Cercopidae and 
Cicadidae) occur frequently in the Tertiaries of Utah, Wyoming, Colorado and British 
Columbia, 


Class 2. APTERYGOGENEA Brauer (Aptera Linnaeus). 1 

Purely wingless Insects. Abdomen with from six to twelve segments. No meta- 
morphosis. 


Order 1. THYSANURA Latreille. 


Small Apt cry gate Insects with orthopteroid , free mouth parts and simple multiarticu - 
late antennae. Compound eyes present ; head with broad basis pined to thorax , which 
consists of three divisions; tcrgite usually well developed , pleunte and sternite small; 
prothorax as large as , or larger than the mesothorax. Abdomen consisting of ten well- 
developed segments and bearing distinct cerci , a ter- 
minal jilum , and reduced styliform abdominal legs on 
most of the segments. 



The families belonging to this group, Machilidae Vm. 1594 . 

and Lepismidae, are ectotrophous — that is, the mouth MacMHs seticornis (Koch and 
parts are not buried m the head, but are arranged m amber. a/ A (after Koch and Berendt). 
the fashion usual among mandibulate Insects. Both 

families are represented in Baltic amber of Lower Oligocene age, the genus Machilis 
Latr. (Fig. 1594) being specially abundant. Lepisma Linn, is represented by several 
European and one North American species in the Oligocene. 


1 Olfers , W. M., Die Ur-Xnsekten (Thysanura irad Colleiubola im Bernstein). Schriften der 
physikal.-okon. Ges. Konigsberg, 1907, vol. xlviii.* 
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Order 2. CAMPODEOIDEA Handlirsch (Anhinsccta ILicckel). 

Small Apterygote entotrophous Insects {mouth parts or troplii reduced and, buried m 
the head), with feebly-developed eyes and long, simple, mulharticnlate antennae. I tody 
segments very nearly equal; ten well-developed abdominal segments, most of them with 
reduced styliform legs ; cerci elongate or chelate. $ 

The so-called abdominal legs in this group and in the Thysaimra are ajipendagi's 
which help to support the abdomen, and serve also as tactile organs. They arc 
called by Graasi false legs or “ Pseudozampe.” The Recent genus Campodea Westwood 
occurs also in Baltic amber of Lower Oligocene age. 

Order 3. COLLEMBOLA Lubbock. (Spring-tails). 

Trophi reduced ancl buried in the head, eyes feebly developed, antennae, sometimes 
unequally segmented. Thorax with very unequal segments but with homonomnvs leg s. 
Abdomen consisting of not more than six segments, the first of which is furnished with, a - 
ventral tube or papilla, and modified legs forming a springing apparatus being present 
posteriorly. 

About 450 Recent species of Spring-tails are known, and 70 have been recorded 
from Baltic amber of Lower Oligocene age. The crustacean characters which we 
find to-day in the Collembola, the Thysanura, and the Epliemerida, arc, as pointed 
out by G. H. Carpenter, without doubt inherited survivals, indicating a true relation- 
ship between the two suhphyla of Branchiata and Inseota. 

Order 4. PROTUBA Silvestri ( Myrientoma Berlcsc). 

Minute subterraneous Insects without antennae and eyes. 

This order is without known representatives in the fossil state. 


Geological Range and Distribution of Insecta. 


It is estimated that about 1000 Paleozoic, as many Mesozoic, and upwards of 
8000 Cenozoic Insects have been described by different authors. The total is, 
however, a mere fragment of the insect fauna of past periods, ancl very small in 
comparison with the half million species now in existence. 

The earliest fossil Insects which have been definitely recognised are members of 
the Palaeodictyoptera. Their first appearance m Europe is at the base of the Upper 
Productive Coal Measures (Ouralien or St4phanien superieure of Common try, France, 
and the corresponding £ *unteres Obercarbon” of German geologists). From the* 
Upper Coal Measures of France, Germany, Belgium, Bohemia, and other localities in 
Europe, and from the Lower Productive Coal Measures (Kanawha and Allegheny 
formations) of Pennsylvania, Illinois and elsewhere m the United States and Canada 
has been obtained a large number of highly interesting types. 1 Other representatives 


remain^ , St ' Jo * 13 ’ New BralWick > which has yielded a number of insect 

pXobLX y leganled as of Devonian age, but is now assigned on the evidence of' 

dMsionofthe °°f Measurea ’ corresponding to the Kanawha Croup (upper 

umsion of the Pottsulle). A supposed insect wing, described by Moberg under the name of 
^ Q«pWUtB beds of Sweden is probably 

Lsosduri^ of Galv^ ’ • ^ so \ c ff ^^oblattina douvillei of Brongniart from the 
? m ? rpr A ted by Agnus M part of to* pleural lobe of a Mobile. 
inlcSions of In, eC R ™ n /°^ d n ? ev ?f au rocks of the south-east of Ireland, but no indubitable 
^ Carb ° + ? lfer ? H have been 35 y yt forthcoming. The insect remains 
fX the th011 / ht t0 be of Penman insttia < 1 Triassie age. TJio.se 

formerly. eds aie nOW re ^ erred the Miocene, instead of to tlie Oligocene, as 
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of various primitive groups are known from the Permian of Russia, Germany, West 
Virginia, Kansas and Colorado, so that on tlie whole we are fairly well acquainted 
with these heterometabolic ancestors of modem orders. Unfortunately, however, very- 
little evidence is forthcoming from the Trias, during wlncli era the transition from 
the heterometabolic to the holometabolic stage probably took place. N e vei tlieless, 
a few fossil remains are known from the Trias of Sweden, Germany, Austria, 
Switzerland and China. Numerous tracks of supposed Insects, and also what are 
believed to be the aquatic larvae of an alder-fly ( Mormolucoid.es articulatus Hitchcock), 
occur m the dark shales of the Connecticut Valley Trias. 

A fairly rich insect fauna has been discovered in the Lias of Schambelen in 
Aaigau, Switzerland, Dobbertin in Mecklenburg, Brunswick, Weyer m Austria, and 
several localities in Somerset, Gloucestershire and Yorkshire, England. A few 
remains are preserved in the Stonesfield Slate near Oxford, England, and m strata 
of the same age in Siberia ; and a considerable number of species occurs in ilie Puibeck 
of the southwestern counties of England. Richest of all, however, is the Upper 
Jurassic insect fauna, especially that which is found in the Lithographic Stone 
(Kimmeridgian) of Bavaria. Contrariwise, the Cretaceous is markedly deficient m 
information respecting this group of invertebrates. 

Tertiary sediments have yielded an enormous quantity of well-preserved insect 
remains. Among the more important localities that have furnished material of this 
nature, mostly of mid-Tertiary age, may be mentioned the freshwater deposits of 
Florissant, Colorado, Aix-en-Provence, Oeningen on Lake Constance in Baden, Radoboj 
in Croatia, Rott (Upper Oligocene lignite) near Bonn on the Rhine, Brumistatl in 
Alsace, Sieblos in Bavaria, Bilm in Bohemia and Gabbro in Tuscany ; also the 
Oligocene strata at Quesnel in British Columbia, and the Green River Eocene of 
Wyoming, western Colorado and eastern Utah. But by far the largest and nmst 
varied assemblage of Tertiary insect remains is obtained from Oligocene amber in 
East Prussia. 

Finally, in the Pleistocene, the interglacial clays of Switzerland, Germany and 
Ontario, the peats of northern France and England, the ozokerite of Galicia, and the 
lignites of Hosbach in Bavaria, deserve mention as localities which have furnished 
fossil insect remains. In the accompanying table is indicated the geological range of 
the different orders of Insects. 

[Tlio preceding chapter on Insecta has been prepared especially for the present work by 
Professor Anton Handlirsch, of the Imperial Museum of Natural History at Vienna. A 
lew minor emendations have been suggested by Di. W. J Holland, Director of the Carnegie 
Museum at Pittsburgh, and others by Professor T. D. A. Cockerell, of the University of 
Colorado. — Editok.] 
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Table showing the Vertical Range op Fossil Insects. 



Cretaceous 




INDEX 


[Names of genera and subgenera regarded as synonyms are printed in italics, all others m Roman.] 


Abacocrinus, 194 
Ahatus, 290 
Ahlueoinya , 440 
Abra, 495 
Ahmcnnus, 194 
Ab) otocnnus, 222 
Acacocrmus, 194 
Acambona, 414 
Acantliactmella, 02 
Acantherpestes, 793 
Acantliina, 558 
Acanthmites, 048 
Acuntliocai is, 751 
Acanthoceras, 069 
Acantliocites, 513 
Acanthoeladia, 342 
Acanthoclema, 344 
Acantlioclymenia, 028 
Amnthornnus, 1SS 
Acantliocyatlius, 95 
Acantliooystites, 150 
Acanfchodictya, 01 
Acantliolithus, 112 
Acanthonautilus, GOG 
Acanthopleura, 513 
Acanthus] tang ui, 02 
Acanthotelson, 750 
Acantlioteutbis, 683 
Acantliothyris, 400 
Acasta, 740 
A caste , 720 
Acarns, 570 
Acentrotmmtes, 172 
Acervulana, 80 
Aceste, 297 
Acestra, 62 
Acharax, 438 
Aehicidoci mns, 219 
Acliradocystites, 151 
Aclirochordocrmus, 232 
Acila, 440 
Aarieistocems, Gil 
Admna, 538 
Aclooodictya, 01 
Acmaea, 520 
Acritis, 371 r 
Acroehordicems, 040 
Acrocrinus, 201 
Acrocnha, 541 
Aci’ogema, 840 
Acroidans, 275 
Acropora, 107 
Aerosalcma, 279 
Acrotliele, 37o 
Acrothyra, 370 
Acrolreta, 370 
Acrura, 256 
Actaeonella, 5GG 
Aclaeomna, 500 
Ac.teocme, 508 
Acteon, 505 
Actmacis, 107 
Aclinocamax, G82 


Actmoceramus, 447 
Actmoeeias, 009 
Actmoconclms, 41S 
Actmocrinus, 197 
Actinodesma, 444 
Actmodiclya, 61 
Actmodonta, 455 
Aetinomya, 40S 
Actmopora, 322 
Actmoptena, 448 
Actinosepia, OSS 
Actmostoma, , 341 
A(t must) eon, 450 
Actmostroma, 122 
Actmotaxia, 320 
Adacna, 490 
Adelactaeon, 56G 
Ariel) ist tea, 101 
Adeloblatta, 803 
Adelopthalmus, 783 
Adeonella, 839 
Adolfia, 410 
Ariri marui, 440 
Aoclnnma, 73S 
Aeger, 761 
Aeyiupe 405 
Aeglma, 721 
Aegoceras, 656 
Acolopneustos, 2S2 
Aeropsis, 297 
Aesclmidium, S10 
Aeslocnn ns, 225 
Aesioaystis, 159 
Aetea, 848 
Aethocystis, 157 
Adust reon, 450 
Agamdes, 031 
Aganoia, 103 
Agaricocmms, 190 
Agassi ceras, 657 
Agassma, 290 
Agassizocnnus, 224 
Agathelia, 95 
Agathemoiu, 800 
Agathiceras, 041 
Agelacrinus, 159, 156 
A qma, 499 
Aglaspis, 770 
Aglithodictya, 01 
Agnesia, 524 
Agnostus, 710 
Agoniatites, G30 
Agraulos, 717 
Ayna, 482 
Agi uxuvnwt, 199 
Agnon, 811 
Aguthasia, 404 
Aipoceras, GOO 
Akera, 507 
Alarm, 500 
Albertella, 717 
Aleoto, 319 
A led non, 550 


Alectryonia, 450 
Alexia, 574 
Alipes, 551 
Allagecnnus, 209 
Allioma, 237 
Allocrmus, 191 
Allocystites, 155 
Allodesma, 470 
Allomorpluna, 29 
Allonema, 31S 
Allonyclna, 445 
Allopagus, 469, 489 
Alloprosallocrinus, 195 
Allorhynehus, 398 
Allonsma, 465 
Alocolytoceras, 052 
Aluta, 735 
Alveolma, 39 
Alveolites, 114 
Alveopora, 107 
Amaltheus, 059 
Amauropsis, 543 
Ambites, 033 
Amblypneustes, 2K2 
Amblypygus, 2S9 
Amblysiphonella, 71 
Ambocoelia, 412 
Ambonycliia, 445 
Amiella, 786 
Amicula, 513 
Amiskwia, 135 
Aimta, 444 
Amniobaculites, 2b 
Ammodiscus, 25 
Ammolagena, 25 
Ammcolu, 545 
Ammgenia, 451 
Aviorphocystis, 152 
Amperleya, 530 
Amplieristocrmus, 218 
Amphiastraea, 98 
Amphibola, 573 
Amphiceras, 057 
Amphichaena, 495 
Ampin clma, 419 
Amplucimodonta, 419 
Amphicoelia, 445 
Amphicnnus, 205 
Amphulssmi, 495 
A uiphidonta, 450 
Aniphidromus, 570 
Amplugenia, 400 
Amplnliclias, 721 
Amphiun, 725 
Amphipoltis, 768 
Amplnpora, 124 
Amplnspongia, 02 
Ampbistegma, 34 
Aniphistraplua, 385 
Amplnthelion, 59 
Ampin tomella, 418 
Amplnura, 250 
Amphora, 197 


Amphoracnnus, 197 
Amplexopora, 330 
Am plexus, 83 
Ampulla, 501 
Ampul Ima, 543 
Ampyx, 712 
Amusium, 45S 
Amygdalocystites, 151 
Amymlispes, 793 
Anabacia, 103 
Anabaia, 417 
Anadara, 443 
Anagyinnites, 645 
Ananehytes, 292 
Anapella, 49S 
Anaphmgma, 339 
Anarcestes, 029 
Anastrenites, 048 
Anaspides, 755 
Anastoniopora, 342 
Anastrophia, 394 
Anathyris, 417 
Anatimya, 400 
Anatina, 400 
Anatinella, 498 
Anatonntes, 039 
Anazyya, 408 
Anclmra, 551 
Aucilla, 502 
Ancillana, 5(52 
Ancistroceras, 601 
Ancistrocranm, 379 
Ancryopyge, 723 
Anculosa, 548 
Ancyloceras, 670 
Ancylus, 575 
Androgynoceras, 650 
Aliyevna,, 629 
Angelmoceras, 001 
Amsactmella, 418 
Amsocardia, 471 
Anisocvinus, 203 
Amsopliyllum, 84 
Amsotliyris, 499 
Anisotrypa, 335 
Anodonta, 455 
Anodontites, 455 
Ano(hnto]>s%s, 470 
Anolcitos, 648 
Anolotichia, 328 
Anomactmella, 418 
Anomalantlius, 286 
Anomahna, 33 
Anomalocaris, 788 
AnomaloceiuB, 605 
Anomalocrinus, 213 
Anomalocystites, 150 
Anomalodonta, 445 
AhohiaJoideis, 72 
Anomnlospongia, 72 
Anomia, 401 
Anomoelonella, 50 
Anomplialus, 532 



TEXT -BOOK OF PALEONTOLOGY 


824 


Anopaea, 447 
Anoplia, 389 
Anoploceras, 606 
Anoplophora, 462 
Anoplotheca, 416 
Anoptychia, 537 
Antalis, 509 
Antedon, 236 
Anthemocnnus, 1S9 
Anthocrinus , 216 
Antliocystis, 153 
Anthonyia, 474 
Anthracochiton , 512 
Antliracomartus, 791 
Anthraeomya, 452 
Anthraeonectes, 7S3 
Anthmcopeltis, 774 
Anthracophausia, 759 
Anth 1 ) acoptera, 451 
Anthi acosia, 451 
Anthrapalaem on, 757 
Antmomia, 40B 
Antipleura, 439 
Antiptycliia, 407 
Antirkynchonella , 394 
Antoeyrfcis, 44 
Anuscula, 440 
Aorocrinus, 100 
Aparchites, 737 
Apasmophylhnn, 84 
Aphanaia, 449 
Apheleceras, 604 
Aphetoceras, 600 
Aphragmites, 596 
Aphrostroma, 124 
Aphylhtes, 630 
Apioceras , 611 
Apiocnnus, 230 
Apiocystites, 154 
Apion, 805 
Apioceras, 608 
Aporrhais, 551 
Aprieardia, 477 
Apsendesia, 321 
Aptychopsis, 754 
Aptyxiefla, 549 
Aptyxis, 549 
Apus, 733 
Arachuocrinus, 219 
Arachnocystites, 152 
Araclmoides, 288 
Aiaeacis, 96 
Arbacia, 281 
Arbusculitts, 390 
Area, 443 
Arcanojiora, 846 
Arcestes, 642 
Archaediscus, 34 
Archaeocidans, 800 
Archaeocrinus, 188 
Archaeocyathus, 105 
Archaeolepas, 744 
Archaeoniseus, 75S 
Archaeoplax, 767 
Archaeoseyphxa, 58 
Archaeosphaerraa, 87 
Areliareineola, 139 
Archasterias , 248 
Archegetes, 813 
Archegocimex, 818 
Archegocystis, 155 
Archidesmus, 793 
Archimedes, 341 
Archmacella, 520 
Archiorhynchus , 805 
Architarbus, 791 
Arehitectomca, 538 
Architipula, SI 5 
Archiulus, 793 
Arcomya, 466 
Arcomyopsis, 43S 
Arcopagia, 494 
Arctitreta, 8S7 
Aremcola, 141 
Arethusina, 715 
Argos , 753 


Argnster, 248 
Argia, Sll 
Argma, 443 
Argonauta, 6S8 
Argopatagus, 297 
Argyrothea, 365 
Argyrotheca, 405 
Ancardium, 490 
Anetieeras, 65S 
Arietites, 655 
Ansterella, 462 
Anstocystites, 150 
Anstozoe, 752 
Amioceras, 655 
Arpadites, 648 
Arrhoges, 551 
Artemis, 492 
Arthabentes, C35 
Arthracantha, 200 
Arthraster, 251 
Arthroclema, 343 
Arthrolycosa, 790 
Arthrophycus, 141 
Arthropleura, 75S 
Arthropora, 345 
Arthroraclus, 710 
Arthrostylus, 842 
Arystidicta, 61 
Asaphellus, 719 
Asaphis, 495 
Asaphus, 719 
Ascidaspis, 722 
Ascoceras, 596 
Ascocystites, 160 
Ascodictyon, 318 
Asemoblatta, 803 
Aspenites, 634 
Aspergillum, 46S 
Aspidiscus, 99 
Aspidites, 645 
Aspidocans, 754 
Aspidoceras, 665 
Aspidodiadema, 276 
Aspidophyllum, SC 
Aspidopora, 333 
Aspidosoma, 249 
Aspidothyris, 401 
Aspidura, 256 
Assilma, 36 
Assiinmea, 545 
Astacus, 764 
Astarte, 472 
Astartopsis, 457 
Asteractinella, 02, 63 
Asterias, 247, 252 
Asteriatites, 237 
Astenna, 251 
Asterobla&tus, 1G7 
Asteroceras, 655 
Asterocrinus, 201 
Asteroderma, 57 
Asteropyge, 726 
Asthenodonta, 452 
Asthenosoma, 278 
Asthenothaerus, 407 
Astieria, 664 
Astraemorpha, 104 
Astraeospongia, 62 
Astralium, 528 
Astrangia, 98 
Astreopora, 10S 
Astrlielia, 95 
Astrocladia, 55 
Astrocmda, 255 
Astrocoenia, 101 
Astrocoma, 237 
Astroconia, 62 
Astrocrinus, 172, 190 
Astrocyatites, 160 
Astroides, 76, 106 
Astropecten, 247, 249 
Astrophyton, 255 
Astropyga, 278 
Astrorhiza, 24 
Astylocrtnus , 224 
Astylomano%, 56 


Astylospougia, 55 
Asymptoceras, 000 
Atactodea, 49K 
Atactopoia, 333 
Ataetoporella, 331 
Ataxaster, 248 
Ataxioceras, 064 
Ataxoermus, 213 
Aleleooystites, 150 
Atelestoermus, 218 
Atergatis, 767 
Athleta, 501 
Athyris, 417 
Atikakama, 105 
Atlanta, 536 
Atocus, 806 
Atoma, 564 
Atomodesma, 449 
Atops, 713 
Atractites, 081 
Atretia, 400 
Atrma, 446 
Atrypa, 400 
Atiypma, 408 
Attoides, 790 
Atuna, 603 
Atya, 508 
Aucella, 449 
Aulacoceras, 080 
Aulaeophyllum, S3 
Aulacopleum, 715 
Aulacorhynchus, 38! I 
Aulacostephamia, 065 
Aulacotliyna, 40o 
Aulocopium, 53 
Aulocrmus, 224 
Aulonotreto, 371 
Aulophyllum, 86 
Aulopora, 116 
Aulosteges, 391 
Auricula, 574 
Aurigerua, 605 
Aurma, 561 
Austmella, 381 
Austmocrmus, 233 
Austriella, 399 
Autoiletus, 543 
Avellana, 567 
Avicula, 447 
Aviculopecten, 457 
Aviculopnma, 440 
Axmopsis, 487 
Axinus, 487 
Axosmiba, 100 
Aysheaia, 136 
Azara , 499 
Azov, 495 

Babmka, 444 
Bactntes, 629 
Bactrocnmis, 218 
Bactropora, 343 
Baetrojms, 752 
Bactrotheca, 571 
JBnctrymum, 389 
Baculma, 654 
Baculites, 654 
Baculocystites, 100 
Badiotella, 460 
Badiotites, 044 
Baerocrinus, 211 
Baetis, 809 
Bairdia, 740 
Bakewellia, 447 
Balanocrinus, 233 
Balanocystites, 101 
Balanophylha, 105 
Balantionella, 64 
Balantium, 570 
Balanus, 746 
Balatomtes, 647 
' Baltocoras, 598 
| Bambagamtes, 635 
Banflia, 141 
Barbarotliea, 815 
I Barbatia, 443 


B.uoda, 491 
BammdoitcK, 038 
Jiat rtunlflla, 395 
Barrandcoccras, 000 
I ktrrai i d <»ocri min, Hi 5 
Ban pitta, 481 
Barroisclla, 374 
Dnmnsia, 71 
BairoiHicmaw, GOU, 072 
Bartlottia, 455 
UarycrniUH, 218 
Baryphylhu, 99 
Baryjihyllum, 82 
Barysmdia, 101 
Basilicas, 719 
Basiliola, 400 
Bastciotia, 469 
Batlimomas, 597 
Bathybius, 17 
JiathijOH'hu, 382 
Batliyci inns, 230 
Bathycyatliuh, 95 
Bathynotus, 715 
Bathysiplion, 24 
Bathytoma, 503 
BatliyurolhiH, 718 
Buthyunseus, 718 
BathyuriiH, 7IS 
BatilluH, 629 
Batissa, 474 
Butoorums, 195 
Batolilcs, 482 
Butostonm, 338 
BatoNtomnlla, 335 
Battoi'sbyia, 87 
Bayun la, 537 
Bayanolmitlns, 0S3 
Jiayhn, 524 
Bayhna, 478 
Bdolluconm, 251 
B(*aclna, 401 
Becksla, 07 
Beoclmria, 403 
Bela, 603 
Bolommlella, 083 
Belmmntes, 08), 683 
WolemnoerlriUH, 216 
Bclmnnoeystis, 15 L 
BolenmopwN, 082 
BelenmoHiH, 083 
BobmmotmitluH, ()H4 
Bolgrandia, 545 
Bolinurns, 773 
Bollard la, 550 
Bollard iella, 504 
J5ollcroj)hon, 522 
BolocoraH, 031 
Bel op tom, 083 
Boloptonna, 083 
Bol 080pm, 080 
BoloHopiolla, 080 
BploUmthm, 088 
Boltina, 788 
Bombexfa, 525 
Bouockoiu, 640 
I Beremcoa, 819 
Borthclmia, 464 
Boyrichia, 738 
Boyrlchiolla, 788 
BayricluopHlH, 788 
BoyriohitoN, 647 
Beyricliocrlnus, 196 
Beyriohona, 735 
Bicam, 323 
Bicia, 378 
Bicnsina, S20 
Bidentia, 732 
Bidiawtopora, 820 
MfUla , 416 
BiHabolIam, 820 
Bifrontia, 688 
JHganarinu, 29 
Billingsella, 880 
THl lingul a, 372 
BillmgHites, 607 
Bilobitcs, 883 
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Uiloculina, 38 
Bmulwhtrs, 4S1 
Birust rite.s, 482 
Bisidmonea, 020 
Bithima, .044 
Bittium, 500 
Brttnerula, 413 
Bitubigera, 320 
Blau or r mm, 197 
Blttnchardia, 808 
Blastoidocnnus, 107 
Blaunena, 574 
Boliemura, 254 
Boletia, 282 
Bolivma, 28 
Bollia, 738 
Bolma, 52S 
Bontaea, 407 
Borelis, 39 
Borsoma, 5G4 
Boskoncia, 544 
Bosmtes, 635 
Bosqnetia, 740 
Bothnocidans, 270 
Botlirocorbula, 499 
Bothromicromus, 813 
BothTyocampe, 44 
Botiiopygus, 290 
Botiyllopora, 330 
Botryocnnus, 221 
Botryodictya, 00 
Botstoidia, 375 
Boueliardia, 407 
Bourgetia, 537 
Bourgueticrmus, 229 
Brack ion inns, 212 
Braclnospcmgm, 02 
Brachylepas, 745 
Brachymorue, 304 
Brachypnort, 3S5 
Brachypyge, 791 
Brachythj-ns, 410 
Bracliyfcreina, 539 
Bradona, 735 
Bmdyblatta, 803 
Brahmacrmus, 200 
Brancliipoditos, 732 
Bran coma, 395 
Brasilia, 058 
Brechites, 408 
Breyma, 297 
Bmrocrinus, 191 
Brilonella, 024 
Bnssomorpka, 297 
Brissopatagus, 297 
Bnssopsis, 297 
Bnssus, 297 
Brocchui , 541 
Brodieia, 058 
Broeckia, 439 
Brocggeria, 371 
Brongniartiolla, 818 
Brontoopsis, 720 , 
llronhs, 720 
Bronteus, 720 
Bryoptt , 468 
Bucanolla, 521 
Bucarna, 521 
Bucanopsis, 523 
Bucanospira, 030 
Buccmopsis, 557 
Buccmulus, 565 
Buccnmm, 55G 
Buclnccras, 071 
Buchiola, 439 
Buchites, 048 
Buddhaitos, 645 * 

Bulinnna, 20 
Bulimulus, 576 
Bulla, 507 
Bullaca, 50S 
Bullaria, 5157 
Bulluia, 500 
Bullindla, 508 
Bullinula, 506 
Buniastus, 720 


Bundonbaclim, 254 
Bunodella, 777 
Bimodes, 777 
Burgessia, 733 
Burnt, 70<> 

Bursa, 555 
Bursacrmus, 225 
Bushia, 467 
Buskopoia, 330 
Busycon, 557 
Buthus, 770 
Byssocardmm, 490 
Byssomya, 499 
Byssonyclua, 445 
Byssoptena, 445 
Bythmella, 545 
Bythocnnus, 229 
Bytliocypiih, 740 
Bythopora, 335 
Bythutiypa, 828 

Cacahocnmt s, 191 
Cactocrmus, 197 
Cadoceras, 603 
Cadomella, 389 
Cadomia, 440 
Cadomites, oo3 
Cadomocoras, 058 
Cadulus, 510 
Caecella, 498 
Caeciun, 547 
Ctnnocnnus, 233 
Calais, OSS 
Calamocrinus, 23S 
Calamophyllia, 99 
Culamopurn, 113 
( 'alapoecia, 114 
Calappa, 765 
Calathucmius, 225 
Calatliospongia, ol 
Calcanna, 33 
Calceocrinus, 213 
Calceola, 8S 
Caleidocnnus, 200 
Callavia, 714 
Callianassa, 704 
Callicrmus, 192 
Calliderma, 250 
Calliostoma, 532 
Callistochiton, 513 
CallistoplaK, 513 
Calhzoe, 752 
CaUocardna, 491, 493 
(Jallochiton, 513 
Callocystites, 153 
Callogoma, 491 
C’allonema, 538 
Callopegma, 53 
Callopoma, 529 
Callopora, 337 
Calloporella, 337 
Calloporma, 337 
Callotrypa, 330 
(Jalostylis, 105 
Calpiooriuus, 203 
Calvelma, 353 
Calycanthocrmus, 20S 
Calyraene, 724 
Calymne, 294 
Calyptogena, 470 
Calyptraea, 542 
Camarella, 394 
(Jamanum, 41 G 
Cainarocrmus, 100, 190 
Camaropliorella, 390 
Camaropliona, 395 
Camarospira, 410 
Catneroceras, 595 
Camrrospongia, 08 
Camei olhecii, 571 
Camerothyi is, 407 
Caimtia, 532 
Campodea, 820 
Campophyllum, 84 
Camptocrmus, 201 
Camptonectos, 458 


( ‘umjnjhurjihnlm, 782 
Cumpyloceras, b08 
Campylosepia, 080 
Canadia, 130 
Canadocystis, 151 
Cauavantes, 000 
Cancellana, 5G2 
Cancer, 707 
Cancnnus, 703 
Canimit, S3 
Camstrocrmus, 189 
Cantnntostoma, 525 
Cantbandus, 532 
Cantliarus, 55 b 
Capellmia, 395 
Caphyra, 717 
Caprina, 479 
Cuprinella, 4S0 
Caprmula, 4S0 
Capulus, 541 
Caraboernms, 217 
Caratomus, 289 
Carbonarca, 442 
Carboma, 739 
Carbomcola, 451 
Camnocarcnnis, 707 
Cnrnnosomn, 783 
Caidiaster, 294 
Caidiha, 49S 
Cardmia, 452 
Cardmoerama, 379 
Cardiocans, 754 
Oardioceras, 663 
Cardiocystis, 100 
Cardiola, 439 
Cardiolites, 751 
Cardiomorplia, 439 
Cardiomya, 409 
Cardita, 475 
Carditamera, 476 
(Jarditella, 470 
Cardium, 489 
IHrtiuocrmui ?, 221 
Caricella, 561 
Carmana, 530 
Cannaropsis, 523 
Carnnfer, 32(5 
Cannopora, 341 
(Jarnarvoma, 750 
Canutes, 035 
Carolia, 4G1 
CuroHermus, 194 
Carosyphaera, 42 
Carpenteria, 33, 451 
Carpenteroblastus, 172 
Carpcnterocnnus, 232 
Carpocrmus, 194 
Carpocystis, 150 
(Jarpomauon, 50 
Carpospongia, 56 
Carter el la, 57 
Carterina, 124 
Oaryehmm, 574 
C'aryoearis, 751 
Caryocrmus, 153 
Caryocystites, 152 
Caryonianon, 50 
Caryophyllia, 95 
CuryophyUitea, 230 
Caryospongia, 50 
Casearia, 65 
Cassmnella, 448 
(Jasftirinon'ivns, 225 
CassUluna, 554 
Cassidula, 574 
OasHidulma, 29 
Cassidulus, 290 
Casdope, 640 
Cassis, 555 
i 'ahtmion'inna, 190 
Castoerinus, 213 
Catazyga, 408 
Cate.nipom, 1 IT 
Catilloeiums, 214 
('at dim, 447 
Catopygus, 290 


Catosira, 507 
Catulloceras, 058 
Caimopoia, 123 
Ca\aria, 324 
('area, 324 
Carolina, 570 
Cea, 323 
Cellai m, 34S 
Cellepura, 350, 353 
Cellepurin, 353 
Cellulana, 34S 
Cellulipora, 320 
Celtites, 040 
Cenoceras, 007 
Cenocnnus, 233 
Cenomamtes, 608 
Cenospliaera, 42 
Centrechmus, 277 
Oentriocrinus, 191 
Centroceras, 006 
(' entwennus , 199 
Centionella, 400 
Centiotheca, 571 
Cephalograptus, 130 
Ceplialoraphidites, 51 
Ceramella, 340 
Ceraniociwm, 210 
Ceram ophylla, 328 
Ceramopora, 327 
Ceramoporella, 327 
Ceratarges, 722 
Ceratiocaris, 750 
Cnntisolen, 490 
Ceratites, G47 
Ceratocephala, 722 
Ceratocystis, 151 
Ceratodictya, 60 
Ceratolicbas, 722 
Ceratopsis, 738 
Ceratopyge, 71 7 
Ceratobiphon, 551 
Ceratoatreon , 450 
Ceratotlieca, 571 
Ceratotrochus, 94 
Ceratozona, 513 
Oeraurus, 724 
Cercomyn, 4GG 
Cerwcam, 326 
Cenocnnns, 225, 231 
Cerionites, 72 
Cenopora, 320 
Ceritella, 549 
Centhidea, 550 
Centhmella, 549 
Ceritbiopsis, 550 
Centbmm, 560 
Cennatia, 793 
Cermna, 548 
Ceromya, 465 
Cerylonopsis, 805 
Cetoconcha, 469 
Cetomya, 4G9 
Chaena, 500 
Chaenocans, 75S 
Chaeuomya, 439 
CJumiopea, 500 
Cliaetetcs, 117 
Chaotopleura, 513 
Cbamodictyon, 340 
Chalmasia, 440 
Chama, 477 
Chape, na, 480 
Chanonella, 41 G 
(Jliartroma, GbO 
Clmscothyris, 401 
Chasmatopora, 340 
Chasmops, 727 
Cliauliodes, 812 
Cliauliodites, 811 
Choiloepras, 031 
Chen’ocrnius, 154, 213 
CluMropteraster, 251 
Olicirurus, 724 
Cluddor, 789 
ChtiiocriniLa, 225 
(Jhmnilzia, 537 
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Chenendopora, 60 
Chenupua, 661 
CbicagucriuaH, 108 
Chlcoreus, 558 
Chllina, 674 
ChilocycluB, 538 
Ghilopora, 836 
Chiloporella, 828 
Ghiloatomdla, 20 
Chilotrypa, 880 
Chindota, 813 
Chiton, 618 
Chitonellus, 518 
Uhlado&'tnus, 232 
Ohlflxnydooonoho, 448 
Chlamys, 407' 
Chlidonophoia, 404 
Choauoceras, 696 
ChoJpitiUi 60S 
ChoIoonntiH, SOS 
Chomuaa, 85 
Chondrostroma, 124 
Choneohiton, 512 
Choneplax, 618 
Clionetella, SS9 
Chonetes, 889 
Ohonetino, 889 
Chonopeotua, 801 
Chonopbylltmi, 85 
Chonobtegites, 116 
Chonostrophia, 889 
Ohoriplax, 512 
Chons tites, 410 
Chonstooeras, 049 
Chonstodon , 494 
Chresmoda, 799 
Chnstama, 885 
Ghrysodomus, 557 
Chrywiudon, 278 

Chthamalua, *747 
Cibolocrmus, 225 
Cieatrea, 472 
Cidan*, 272 
I'idaruMastux, 171 
Chgara, 151 
Cimitana, 465 
CIncta, 407 
Oinulia, 567 
Circe, 498 
Ciroopora, 124 
Cirrus, 681 
Cirsotxema, 588 
Cintdla , 405 
CitrucystiKi 152 
Cladaugia, 98 
Cladificitet, 648 
Ciadochonus, 116 
Cladocora, 07 
Cluduermua, 206 
Gladoporn, 114 
Clan cuius, 681 
ClarheUa, 892 
Clathrodictyon, 128 
Clathropora, 345 
Clathroapira, 6*5 
Clatihrospongia, 60 
Clathurella, 564 
Clausa. 824 
Glanswa, 576 
Clara, 550 
Clanublufitus, 170 
Olavagella, 468 
Olavatula, 568 
Clavello, 550 
Clnoictausdi 324 
Cluphmutan, 820 
Clavuluia, SO 
deidophorus, 440 
Cleidotheca, 571 
CZeiocnnuB, 180 
Oleiothyndina, 418 
Cleiuthyriaj 417, 418 
Oleistechiuus, 2i»7 
Clematocriuua , 199 
dementia, 492 


Cloodictya, 01 
Gleoiloro, 670 
Cleonoceras, 667 
aie&ydrospon^ia, 01 
Olidiophora, 467 
OlidoemruB, 204 
Oliltoma, S87 
Climacaramina, 29 
Chmacograptus, 180 
Ctaaetichmtes, 142 
CJlmooeras, bll 
Ohnopistha, 438 
Clinopora, B21 
Clintonolla, 409 
Clinura, 563 
Clio, 570 
Cllomtetf, 648 
Olionychia, 445 
Clisiophyllum, 85 
Clisoeolus, 491 
Ohsospira, 548 
Clitambomtes, 802 
ClonocnnuH, 190, 190 
Clonopoia, 821 
Clonmla, 805 
Olosterocnnus, SIS 
Clydonautilus, 002 
Clydomtes, 648 
Clymema, 028 
Clymenonautilus, 602 
Clypea&ter, 285 
Clypaina, 321 
dypeoceaas, 046 
Clypeus, 200 
Clypit6% 684 
Cnemldiastrum, 57 
Cnomtdium 57 
Omsma, 442 
Coccocnnus, 199 
Ooccophyllmn, 101 
Coccosen*. 112 
CocooteutiiiH, 087 
CochleurUi, 538 
Cochloceras, 050 
Cochlodesma, 407 
L’ochlnlepait, 542 
Codakm, 480 
Cndoster, 168 
Codeolnnus, 278 
Codiacnnub, 221 
CodiacystiB, 155 
Codiopais, 277 
Codncerub, 612 
Cfodunaxter, 168 
Uodoiwtea, 169 
Coelahtarte, 472 
OoeliocnnuB, 2S8 
Ooelooentrus, 527 
Coeloceras, 662 
Coelodema, 328 
Ooelocnnus, 848 
Ooelocnryphaj69 
Coelocnnus, 187, 106 
Coelocystis, 154 
Ooelodon, 467 
Ooelooanlus, 525 
Coelugabteroceras, 005 
Ooeloma, 766 
Coelomaotm, 407 
Coelonautalus, 604 
Coelopleurus, 281 
Ooeloptychfum, 07 
CoeloBimlia, 100 
Coelospuna, 417 
Ooelostylina, 587 
Coenagrion. 811 
Coezutes, 114 
Coenocyathus, 95 
Coenocystis, 157 
Cuenoymptua, 180 
Coenothrrib, 407 
Coleololdes, 572 
Coleolus, 572 
ColIIna, 662 
CoHozua, 539 
I Collyntes, 292 


Oolobocentrotus, 288 
Ooloceroa, 001 
Colospongui, 71 
Colpocana, 751 
CdlpocetYU, 595 
Columbelia, 650 
Columbellaria, 558 
CollnmbeUina, 558 
Columbites, 040 
Columnaria, 87 
Oolumnastraea, 101 
Coluinnopora, 114 
Coins, 656 
Oolymmatina, 55 
Comarocystitefa, 151 
Coznasti'ocrmua, 284 
Comatulina, 287 
Oomatuhthcs, 287 
Coniatnrella, 287 
Oombophyllum, 82 
Comelicama, 418 
Oominella, 550 
CoiuosenH, 104 
CompoBita, 418 
Compohocnmib, 194 
CJomproBBidonH, 609 
Compsometra, 287 
Comptoma, 260 
Conactaeon, 600 
Conch icoUtes, 130 
Conch idiuni, 804 
Conchocele, 487 
Condhodon , 458 
Ooncholapas, 658 
Conohopeltis, 520 
Condylocnnus, 189 
Condylopyge, 730 
ConfiisnHtreu, 101 
Oongena, 408 
Conocardlum, 446 
Conoceras, 697 
Oonoclypeua, 284 
Conocoryplio, 713 
OonoorLtbu 220 
Oonolainpan, 291 
Conorbia, 564 
CoiioteiUhus, 084 
Oonotreta, 370 
Conotuligera, 821 
Conradella, 522 
CoivradicL, 378 
OonBtellwia, 884 
Conul&na. 672 
ConuluB, 284 
Convesowtrea, 101 
Oophinocoras, 003 
OoptoatyUuB, 548 
Coralhochama, 480 
Ooralliophaga, 473 
OoiaUinm, 70, 110 
Coraster, 296 
Corhicella, 487 
Corbicula, 474 
Oorhia, 480, 486 
Corbula, 400 
Oorbulaznella, 499 
Corhulomya, 409 
Corhnrella, 470 
CJordi II antes, 038 
Oordylocnmu, 190 
CoHmyOt 407 
Corneooyclas, 475 
CornucapriruA, 479 
Comulites, 180 
Cornuspira, 87 
Ooroniceras, 655 
Coronida, 768 
CornrwcrvnvA, 191 
Coronula, 747 
Oorydocephalus, 721 
Coiylocnnus, 158 
OorywboonnuHj 190 
Coryiabopoia, 821 
Oorynella, 70 
Coiynofcrypa, 819 
Ooscmella, 346 


CoBOiuiiun, 340 
Cohr'innpnrci, Of 

Cittern nl 1'inntj 3 1(> 

CosmidlitncH, IL2 
OoBmoconiH, 068 
Cownocnnuh, 221 
Coamoffyna, (>58 
OoHti<Iu»CTm, 653 
Oottaldia, 277 
Cotylwrmwi, 241 
Ootyledovma, 241 
( Wi/IfvttmwMi u v, 201 
Ciunaena, 403 
OiangopaiR, 757 
Crania, 878 
UrtuMellu, 878 
OtaMojjb, 870 
CraniHcus, 879 
CrosiieditoH, (>(Vt 
CraHlMMlocliilyon, 513 
Crosixxlophylluiu, 85 
OrospexloiMiina, 540 
CmsitcMloHoma, 792 
CrafipedoMtoTiui, 529 
(JrawttcUn, 474 
OraHHatcIlina, 474 
OrassatoUitoH, 474 
firttottmt, 472 
OraHHinoila, 472, 474 
01111101*0110, 54 
CtrUei Inn, 150 
Omticularm, 03 
Ciumncnmm, 213 
Oranutula, 4 17 
Orenolla, 463 
Cieuicenuf, 058 
CroiuixKJtou, 457 
Orc‘pnlophylluni, 85 
Grt'pnlula, 5 12 
(Jropiporu, 828 
On'Hcontillo, 754 
(/rrww, 32(1 
OnwoiH, 570 
CreHHin , 747 
Cnbnlina, 300 
(U'ihmblushix, 171 
{ 'liJrrobtomuvb, 29 
r.vicojwm, 320 
(IrmocyHtiH, 100 
On<x*enw, 070 
OriHia, 818, 570 
nru.it l Ub, 318 
On Hina, 820 
Cnstollana, 30 
nrtvnvu*) 723 
CwnnyoorimiH, 22*1 
Urunioim, 809 
(JroHHOTxxlm, 141 
ClOHHOHtmilA, 529 
OroUlocoplinlUK, 724 
CrotalocrmiiH, 210 
Oruoibulntn, 542 
Ornratulo, 407 
726 

(Jryi»tahacin, JOS 
(Jryptacttntliln, 492 
(JrypUwuiiu, 624 
Oryplangla, 98 
Oryptauliuc, 549 
Ory])laxiH, 108 
OryptoblaHtUH, 172 
OryptocanH, 754 
nrtftrfijrtirrWr m 
Crypt/x-hiton, 518 
Crjiiitarhin'tla , 002 
Cryptorlymcnuw 028 
Oryj)t^oolIft, 71 
Cryptucomun, 101 
Oryx^ximms, 563 
OryptocrmuH, 167 
Cryi>t(xllciya, Ol 
Oryx'todon, 487 
Oryiitoglonn, 826 
OryptouthuH, 711 
Cryptomya, 490 
Giyptionolla, 402 
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Ciyptoplax, 512, 513 
Ci yploplocus, 540 
Cnjptupnru , 400 
Ciyplopuiu s, 400 
Ciyptoscliisma, 109 
Ciyptozoe, 751 
Ciystallucystis, 152 
Crytupura , 341 
Ctenobolbma, 738 
Otenocephaluis, 713 
Ctenoceras, 599 
Ctenocrums , 190 
Ctenndonta, 440 
Otenopterus, 784 
Ctenobtieon, 400 
Cuccoceras, 048 
Cucullaea, 442 
Cucnllana, 442 
Cucullella, 440 
Culicocrmus, 199 
Cultellus, 496 
Cummgia, 495 
Cumulipora, 351 
Ciipellaerrnius, 199 
Cuplioselenus, 551 
Cupiebsocrimis, 210 
Cupulana, 351 
Cupulocrinus, 215 
Curculioides, 789 
Curculiopsis, SU5 
Curticia, 371 
Curtonotus, 472 
Ouspidaria, 409 
Cuvierma, 571 
Cyathaxoma, 81 
Cyatlndmm, 241 
Cyatliocnmis, 220, 221 
Cyatliocystis, 159 
Cyathodonta, 407 
Cyathophora, 101 
Cyathopkycus, 01 
Cyatliophylluux, 84 
Gyathoseria, 102 
Cybele, 724 
Gyclas, 472, 475 
Cyclaster, 297 
Gyclidia, 583 
Cyehna, 492 
Cycloceras, 599, (500 
Gycloclymema, 028 
Cydocoelm, 3S1 
Cydoconciui , 470 * 

Gycloennus, 72, loO, 232 
Cyclocystoides, 159 
Cyclolites, 103 
Cyclolituites, 001 
Cyclolobus, 042 
Cydomops, 552 
Cyclonema, 530 
Cyclonssa, 557 
Gyclopliorus, 540 
Cyclophthalamu.s, 7SS 
Oyclopliyllum, 80 
Cyclopora, 347 
Cyoloporclla, 347 
Cycloporidmm, 121 
Cydoponna , 341 
Cyclorlihia, 397 
Cyclospliaeioma, 758 
Cyclospira, 410 
Cyclostoma, 540 
Cycloatomiceias, 011 
Oyclostrema, 532 
Cyclothyris, 398 
Gyclotrypa, 329 
Cyclotus, 540 
Cydus, 372, 773 
Gyliehna, 508 
Cyht'ornnm, 195 
Oylimlm , 500 
Cylindrilos, 500 
Cylindrobullma, 500 
Oylindrountra, 500 
Cylmdropliyma, 50 
Cylleno, 557 
Cymacoras, 058 


Cymaclymcnm, 628 
Cymatoeeras, 007 
Cymatochiton, 512 
Cymatophlebia, $10 
Cyndnte s, 057 
Oymbmm, 501 
Oymboplioia, 498 
Cymella , 409 
Cymia, 558 
Cynoilontn, 500 
Cypellia, 04 
Cy^llonmus, 199 
Cypliaspis, 721 
Cyphocimus, 187 
Cyphon, S05 
Cyphosoma, 2S0 
Oyphotxypa, 334 
Cypiaea, 553 
Cypiella, 741 
Cypresis, 741 
Cypncarchu, 472 
Cypucardinia, 471 
Cypricaiihtes , 442 
Gypndea, 740 
Cyprulella, 741 
Cypndellina, 741 
Cypridma, 741 
Gypndmella, 741 
Cypnmeria, 492 
Cypt ma, 472 
Gypus, 740 
Cyprosma, 741 
Oyrena, 474 
Cyienellu, 487 
Cyrenoida, 487 
Cyncardella, 471 
Cyrtactmoceras, GOO 
Gyrtendoceias, 590 
Cyitia, 412 
Cyrtutocnnns f 203 
Gyrtina, 412 
Gyrtocalpis, 44 
Cyrtoceras, oil 
Cyrtocenna, 597 
Oyrtochilus, 654 
Cyrtoclymenia, 028 
Cyi tiianniu >, 240 
Cj rtodonta, 442 
Cyrtodontapsi s*, 445 
Cyrtolites, 521 
Cyrtolitma, 521 
Cyrtopmua, 440 
Cyrtopleuntcb, G48 
Cyrtopora, 322 
Oyrlonzoceras, 010 
Cyrtotheca, 413 
Cyrtulus, 559 
Cystastur, 159 
Cystochinus, 294 
Oystiphyllum, 87 
Cystispongia, 08 
Cystocidans, 299 
Gystodictya, 340 
Gy there, 739 
Cj/thcrea , 493 
CythereiH, 739 
Cytherella, 740 
Cytherallina, 740 
Cythondea, 739 
Cytherideis, 739 
Cytlieiodon, 440 
Oytlioropteron, 739 
Cytinopsis, 413 
Cytis, 323 
Gytoormus, 190 
Cytodaria, 500 
Cytograptua, 132 

Dactylioceras, 0G2 
DactylocrnuiH, 205 
lku'tyhs'ystis, 156 
Dartylotnuthis, G&2 
Ductylus, 565 
Dadoerinua, 232 
Daedalus, 141 
Dalila, 439 


Dallina, 400 
Dalmanella, 382 
Dalmamtes, 72(> 
Dalmaznfcina, 726 
Dalmatites, 04(5 
Damlia, 532 
JDamibites, 047 
Dctonella, 448 
Dapbnella, 564 
Daphmtes, 648 
Daraelites, 633 
Darellia, 65S 
Dasyceias, 052 
Davidsonella, 372, 3S9 
David soma, 3S5 
Danesiella, 389 
Davila, 498 
Duvousti, 452 
Dawsonoceias, 599 
Dayia, 409 
Daziedubzyclia, 410 
Deaeanemos, 237 
Deaibornia, 376 
Deeadocimus, 223 
Decadopecten , 457 
Delranciopora, 320 
Deiphon, 725 
Deiroceras, 009 
Dejamra, 534 
Dekayella, 333 
Dekayia, 333 
Delgadella, 372 
Delphmula, 529 
Delplunulopsis, 534 
Deltacrmus, 213 
Delthyndca, 400 
Ddthyi'is, 408 
Delthyris, 411 
Deltoceras, 000 
Deltocyathus, 95 
Dcmocrmus, 229 
Denckmannia, GOO 
Deudracib, 108 
Dench aster, 288 
Dendncoporci , 842 
Dendrocrmus, 215 
Dendrocystitcs, 151 
Dendrograptus, 128 
Dendropliyllia, 106 
Dendropupa, 576 
Dendrostreu, 450 
Denkmannia, 401 
Dentalma, 30 
Dentalium, 509 
Deocrmuf?, 188 
Derbya, 386 
Deruiatomya, 409 
Dcrmatopnra, 349 
Deroceras , 0(52 
Desbayesia, 543 
Dusmidocnnus, 194 
Dcsmocems, 067 
Dusinograptus, 128 
Desm'ia, 290 
Detocrmua, 225 
Deutocybtites, 150 
DiabolocrimiH, 188 
Duidema, 277 
Diadiploceras, (505 
Diamenocrmus, 189 
Diameaopora, 347 
Diaruilites, 835 
Diapliana, 508 
Diapliontes, 002 
Diaphoroatoma, 541 
DiaphragmUH, 3550 
Diapora, 123 
Diabtoma, 537 
Diastopora, 319, 319, 320 
DiaHtojionna, 820 
Dicamara, 410 
Diccllograptns, 130 
Diecras, 477 
Duscrocardium, 454 
DiehocrmuH, 201 
Dichograptus 129 


Dicbotrypa, 34G 
Dicoelosia, 383 
Dicranella, 73S 
Diet anisciis, 387 
Dicranogiaptus, 130 
Dicrauopora, 345 
DicraimruH, 722 
Dicroloma, 551 
Dictyoceras, 599 
Dictyocunites, 680 
Dictyocr mites, 72 
Dirtyocnnus, 72, 100 
Dictyugraptus, 12S 
Dictyomitra, 44 
Dictyonella, 396 
Dictyonema, 128 
Dictyopleurus, 282 
Dictyospongia, GO 
Dictyothyns, 404 
Didacna, 490 
Didyimtes, 042 
Didymograptus, 129 
Didymopora , 329 
Dielasma, 402 
Dielasmma, 403 
Dielasmoides, 403 
Diemptems, 551 
Digitan, 472 
Dignonua, 374 
Digomoceras, 007 
Dikulocepbalma, 720 
Dikeloceplialus, 720 
Dilobella, 738 
Dimorella, 399 
Dimarocrmuf,, 187, 205 
Dimonon, 012 
Dmiorpharaea, 103 
Dmiorplm&trea, "104 
Dimorphma, 31 
Dmunplntes, 039 
Dirnorplioceras, 637 
Dimtftjihocnnus, 109 
Dimorpliograptus, 132 
Dimoiphusoma, 551 
Dmiya, 459 
Dwiyudun, 459 
Dmaiolla, 401 
Dinantes, 648 
Dmeura, 800 
Dmobilus, 373 
Dmocystis, 159 
Dmopilio, 791 
Dinoplax, 313 
DmorUns, 882 
Diodocera«, 607 
Dionule, 711 
Diomtos, 048 
Dionstolla, 416 
Diorugoceias, 604 
Diphragmoceras, 595 
Diphyites, 403 
Diphypliyllum, 84 
Dtpihdia, 478, 482 
Diplacomocems, 671 
Diplagnostus, 710 
Diplcura, 724 
Ihplocems, 595 
Diplocidaris, 274 
Diplocleina, 321 
Diidoconus, 683 
Diploerati^non, 141 
Diplocnnns, 233 
Diploctemum, 100 
Diplodoma, 487 
Diplwjmra, 112 
DiplograptuH, 130 
Diplomoccras, 654 
Diplopodia, 277 
hiplopam, 342 
Diploporana, 842 
Diplona, 99 
Di])l(>Hir(’init<^, 048 
Diplospirolla, 418 
Diplostoma, 71 
Dii)lotbeca, 571 
Diplotrypa, 338 
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DijisfU't'Ui, 55G 
Dix>terocans, 754 
Diptychoeeias, 053 
DiHchid.es, 510 
Discma, STS 
Disemisca, 378 
Discmocaris, 754 
Discinolepis, 370 
Piscmopsis, 377 
Discites , 604 
Discitoceras, 004 
Discocavea, 325 
Discoceras, 600, 055, 668 
Discoclymema, 62S 
Discocyathus, 95 
Discocystia, 159 
Discocytis, 323 
Discodermia, 55 
Discofacigera, 321 
Discohelix, 527 
Discoidea, 2SS 
Diseophyllites, 651 
Discorbma, 32 
Discors, 490 
Discoscaphites, 070 
Discosoius, 609 
Discospaxsa, 319 
Discotarbus, 791 
Discotrochus, 94 
DIscotropites, 638 
Discotypa, S37 
Disculma, 404 
Disjectopora, 124 
Distichites, 648 
Distichoeeras, 059 
Distortrix, 555 
Ditaxia, 825 
Dithyroearis, 753 
Ditremana, 525 
Ditretus, 549 
Dittmarites, 648 
Dittopora, 339 
Divaricella, 480 
Dizygocnnus, 196 
Dochmosfcoma, 290 
Dolatocnnus, 191 
Dolichocrmus, 229 
Dohchopteron , 444 
Dolichopteru8, 7SS 
Dohum, 555 
Domatoceras, GOO 
Donacicardium , 484, 496 
Donax, 496 
Dorateuthis, 688 
Dorsetensia, 660 
Doryenims, 196 
Dory derma, 57 
Dosmia, 492 
Douvilleia, 506 
Douvilleiceras, 669 
Douvilluta, 385 
Dreissema, 463 
Dreissensiomya, 468 
Drepanella, 738 
Drepanites, G48 
Drepanopterus, 784 
Dnllia, 563 
Dromia, 765 
Dryniadusa, 799 
Drymoti-ypa, 340 
Dualma, 439 
Dumortieria, 657 
Duncanella, 82 
Durga, 454 
Dux, 438 
Dybowshtdla, 829 
Dyeria, 530 
Dysagrion, 811 
Dysasfcer, 292 
Dyscolia, 404 
Dystactella, 438 

Eastonia, 498 
Eatonia, 397 
Eburna, 556 
Eccylioraphalus, 527 


Eeeylioptorus, 527 
EclunaraclmiuH, 288 
Eclnnastor, 262 
Eclimasterella, 251 
Echmobi isbus , 2S9 
Echmocardium, 297 
Echmoeans, 751 
Eehmochanm, 478 
Ednnocuryn , 292 
Echmocrepis, 29S 
Eclimocyamus, 2SG 
Ecliinocyphns, 2S2 
Ednnocystites, 157, 299 
Echmodiscus, 28S 
Ecliinoencrmns, 154 
Echinognathus, 7S3 
Echmolampas, 291 
Eclnnometra, 283 
Echmoneus, 289 
Echinopsis, 276 
Ech i nobj* ittuj u ■<?, 294 
Ecliinosphaentes, 152 
Echino'ttrephus, 282 
Echinotlvuria, 278 
Echinus, 281 
Ectenocrmas, 212 
Ectenodesmu., 444 
Eetolcites, 64S 
Ectomam, 525 
Edaphoceras, 007 
Edentula, 447 
Edmondia, 439 
Edrioaster, 159 
Edriocnnus, 206 
Edwardsncrinns , 199 
Egena, 490. 

Egeta, 474 
Ehrenbergina, 29 
Eichwaldia, 396, 396 
Eileticus, 793 
EJaeacrinus, 171 
Elasmobtoma, 71 
Elcana, 79S 
Elder, 761 
Eldoma, 813 
Elea, 324 

Eleutherocaris, 752 
Eleutherocrama, 379 
Eleutherocnnus, 170 
Eligmus, 451 
Elkama, 872 
Ellxpsactima, 120 
Ellipsocaris, 754 
Ellipsocephalus, 717 
Ellipsoidma, 29 
Elliptocephala, 714 
Elpe, 741 
Elymella, 439 
Elymocans, 752 
Emargmula, 52o 
Embla , 469 
Embolus, 570 
Emeraldella, 770 
Emileia, 663 
Emmelezoe, 752 
Emmonsia, 114 
Emperoceras, 654 
Enallhelia, 95 
Enallocrinus, 216 
Enantiosphen, 400 
EnchmatoceraSy 603 
Encoiloceras, 606 
Encope, 288 
Encnnurus, 723 
Encnnits, 225, 233 
Endoceras, 595 
Endololms, 605 
Endofchyra, 33 
Endoxocrinus, 233 
Engonoeeras, 071 
Emcliaster, 294 
Enualaster, 294 
Enneaeystis, 153 
Enopleum, 150 
Enoploceras, 606 
Enoplochiton, 513 


Enoploclytin, 76.} 
Ensis, 496 
Entalma, 510 
EntuhupMs, 509 
Enttdu>, 509 
Eiitalium, 508 
Entalophora, 230 
Enfceletes, 3S3 
Enteletoules, 38" 
Entodesma, 408 
Entolium, 45S 
Entoinidella, 741 
Entonns, 741 
Entomocai is, 750 
Entomoconclius, 742 
Eobutlms, 788 
Eoeicada, S15 
Eocidans, 300 
Eocyclma, 492 
Eocystites, 151 
Eodiadoma, 270 
Eodiseus, 711 
Eoharpes, 711 
Eoluidia, 255 
Euuhohis, 372 
EoortliiH, 381 
Eopluynus, 791 
Eophyton, 134 
Eoptena, 439, 731 » 
Eoscorpius, 788 
Eosphaeioma, 758 
Eospinfer, 411 
Eostrophomena, 384 
Eotiochus, 543 
Eotroplioma, 137 
Eozoon, 37 
Ejutcfocrinm, 219 
Ephemera, S00 
Epluppioceras, 004 
Ephippium, 4b L 
Eplnppodonta, 4SS 
E pi aster, 294 
Epicyrta, 407 
Episageceraw, 633 
Episiphou, 509 
Epismilia, 97 
Epithyris, 402, 403 
Epitonium, 638 
Eiato, 554 
Eremites, 648 
Eremoceras, 611 
Eretmocrimis, 195 
Erettopterus, 7S5 
Erichthus, 769 
Endophyllum, 84 
Ei uloiihis, 381 
Endotrypa, 329, 335 
EimocystiH, 155 
Enphyla, 472 
Eriptycha, 507 
Erisoermus, 225 
Eiodona, 499 
Ervilia, 498 
Erycina, 488 
Erycmella, 488 
Eryma, 763 
Eryon, 762 
Eryx, 498 
Escasona, 735 
Eschuru, 350 
Eschantes, 324 
Bscharopoia, 345 
Eathena, 784 
Esthenella, 734 
Esthomopora, 236 
Estomoceras, 607 
Etallonia, 566, 763 
Ethena, 455 
Etheridgaster, 2/31 
Ethoudgia, 08 
Etheiidgina, 3i»l 
Ethmophylhini, 105 
Etisus, 767 
Etyus, 767 
Eubleptus, 790 
Eueaenus, 801 


Eucn latluH, MM 
Euraly Lo( nnu.s, 192 
Emhans, Mt9 

Em ha Mint; 439, 733 
Kuchilotlu'C’Ji, 571 
Euchiroci mm, 21.5 
Kuchiywilis, 538 
Eucnoa, 469 
Eucladia, 255 
Eueladocrmus, 200 
Eucoiuictacoii, 506 
Eucoma, 525 
Eucorysliis, 765 
Eucratea, 348 
Ennui w s, 187 
EucuoludeiiM, 38 L 
Eucyclns, 530 
Ewymbu, 56J 
Eucyrditium, 44 
Eucystih, 155 
Eucytbaia, 561 
Eudea, 60 
Rndewllii, 38S 
Eudesia, 406 
Eudesicrmus, 211 
Eudoxochiton, a 13 
Eugomacrimis, 230 
Engereou, 817 
Hugyriim, 55 
Euliolin, 95 
Eulimella, 537 
Enloum, 715 
Eulophoceias, 672 
flu illegal at lav, 454 
Eumotna, 4 1 1 
Eimu'rahSy 418 
ICumdla, 402 
Etmornn, 530 
Eumcites, 130 
Eum >a, 377 
Eitnholiis, 371 
Enomj)halopl.(»niH, 527 
Buomphalas, 527 
Eupaehyennus, 224 
Eup!it.agUH, 207 
Eupeia, 175 
EuphomuH, 523 
MupholxTia, 793 
EujihylliteH, 652 
Knpranp s, 774 
Eupsammm, 105 
Eiiractmellii, 418 
flurtiphia, 747 
Enrhodiu, 290 
Enryalc, 255 
Eurycan 4 , 715 
Kuryclulma, 738 
Eurydiotya, 345 
Euryrnya, 462 
TCurynotiecmn, 667 
EuryocnriuH, 205 
EurypneuHtoH, 282 
Eurypterella, 783 
EuryptcruH, 782 
ElU'Usnma, 788 
EiuyatomitoH, 600 
EiiHarcuH, 783 
EuHiphoimlla, 70 
EuHpihjpom, 345 
Kunpim, 543 
KuHpirotsrnmH, 218 
EuHtoma, 550 
EuHtylus, 537 
Eufaixuo'iims, 206 
Eutormoa, 804 
Eutheinon, 255 
Euthria, 657 
Euthydcsma, 489 
Euthyrls, 417 
Eutomocoras, 046 
EutrophoceraK, 007 
EutroohocrinuH, 190 
Euzonus, 792 
Bvactmopora, 840 
flmvinwi'Ui t, 777 
S^c^lissa, 649 



INDEX 


829 


Exogyra, 450 
fijfnu'nnusj ‘232 

Fabolla, 4SS 
Fabulana, SO 
Falcihtuiteh, 600 
Fnlnilu, 5 08 
Faonna, 200 
Fasciculipoi a, 321 
Fascmella, 548 
Fasciolana, 550 
Fascipoia, 321 
Fnsrqtoruia, 321 
Faunus, 54S 
Favia, OS 
Favicella, 330 
Favistella, 87 
Favositella, S2S 
Favosites, 113 
Felama, 487 
Feuestella, 341 
Fenestraha, 341 
Fisnestiapnra, .*41 
Fenextrella, 341 
Fan lensut, 320 
Fibula, 549 
Fibularia, 2S7 
F'wula, 555 
Fieldia, 750 
Filicea, 323 
Filicnsia, 318 
Filicrisma, 320 
Fiiifascigeia, 322 
Filisparsa, 310 
Fimbria , 480 
Fimbnella, 4S7 
Fimbiiothyns, 407 
Fmkelnburgia, 381 
Fischeria, 474 
Fissideutalium, 500 
Fissirostra, 406 
Fimrella, 5*20, 526 
Fissurellidoa, 520 
Fissundea, 526 
Fissnnrostm, 406 
_ Fistulana, 500 
Fistulipora, 320 
Flabcllocnnvs, 225 
E'labellothyn.s, 40(3 
Flabellum, 94, 570 
Fleimugia, 581 
Fleimngites, 045 
Foordiceras, 005 
Floridma, 351 
Flu strell aria, 350, 351 
Forhesui, 545 
Forbosiceras, 671 
Forbesioermus, 204, ‘ 204 , 
205 

Foidilla, 439 
Fern lima, 871 
Forllcula, 800 
Foncula, 324 
Fortisia, 507 
Fossanops’is, 534 
Fossarulus, 545 
Fossarus, 540 
Fratfiha, 494 
Fragmn, 490 
Frenula, 40o 
Frenulma, 406 
Frieleia, 400 
Frondicularia, 80 
Fulgoraria, 501 
Fulyondium , 810 
Fulgur, 557 
Fungia, 102 
Fungocystitca, 150 
Fiisclia, 410 
Fusmus, 559 
Fusispna, 53S 
Fustiaria, 509 
Fusuhna, 34 
Fusus, 559 

Gad Liu, 510 


Gadima, 573 
(Indus, 510 
Gahanum, 493 
(JahiUu, 474 
Galatbea, 7i>4 
Galaxea, LOO 
Galenophis, 700 
iialpoda, 554 
Galeomma, 4SS 
Galcutes, 284 
GaleropygU'., 285 
Gideius , 542 
Gammaroerinus, 240 
Gaimnarub, 759 
Gmnoplcnra, 570 
Gamjtsmnix , 750 
Ganymeda , 237 
Garantiaua, 064 
Gaigantua, 351 
Garmeiia, 072 
Gateaus, 750 
Gaspphi, 3S5 
Gasteiocoma, 219 
Gaatrana, 494 
Gastnoceras, 030 
Gastrouhaena, 500 
Gastrocrmus, 221 
Gaudiy cents, 052 
Gaudryma, 29 
Gazacimus, 187 
Gecarcmus, 767 
(knutzdla, 335 
Geimtzia, 803 
Geisonoeeras, 598 
Geuiellana, 348 
Gemma, 404 
(hniimdlana, 479 
GemniPllaroia, 392 
Gemmijtora, 10S 
Genabacia, 103 
Genea, 557 
Gemcopatagus, 297 
Geunaeacrmus, 195 
Genota, 503 
Geocoma, 237, 250 
Geocnnus, 194 
Geoplnlus, 793, 139 
Geoteutlus, 0S7 
Gepliyroceias, 031 
Gppliyrocrmus, 238 
Geialmura, 788 
Geraphrynns, 791 
GeiatiirbuH, 791 
Geroneura, 797 
Gervillia, 447 
Geycrolla, 887 
Goyeroc.eras, 052 
Gibbula, 532 
Gigantoceras, 60S 
Gilbi'itsoerinus, 188 
Gii’tyella, 403 
Gisortia, 554 
Gissocnnus, 220 
G1 altar ut, 455 
Gladiograptus, 132 
Glandulina, 30 
Glapliurua, 723 
Glapbyrocystis, 155 
Glasaia, 409 
Glassma, 415 
Glaucomya, 494 
Glaucomyacidac, 494 
Glaucoma, 546 
Glaucouomu, 342, 343 
Glenofcremites, 237 
Globigenna, 31 
Glabobladus, 171 
Gloria, 439 
Gloss vmi, 874 
Glossitcs, 439 
Glossoceras, 597 
Glossograptus, 130 
Glossothyns, 404 
Glossotrypa, 330 
Gloitidia, 374 
Glycnnons, 443, 499, 500 


Glyphaea, 702 
Glyplndites, 04S 
Glyplnoceras, <>30 
Gly ph is, 32(> 

Glypliocy plius, 282 
Glyphostoma, 501 
Ulyplustet, 1S7 
Glyptecbmus, 2S2 
Gljpticus, 270 
Glyptobasis, 531 
Glyptonudiu, 439 
Glj ptocularis, 280 
Glyptocnnus, ISO 
Glj ptocj atites, 154 
Glyptodesma, 444 
Gljptograptus, 130 
Glyptopoia, 340 
Gl yjit uscept rnn, 110 
Glyptoscorpms, 7S5 
Glyptospliaeutes, 156 
Gnatlua, 758 
Gaathadon, 49S 
Gnornnocrmus, 205 
Goldius, 720 
Gomphoceras, 013 
Gomphocystitos, 150 
Gomplioulas, 810 
Gunambnnites, 392 
Gongylospougia, oO 
Gomacimus, 21 S 
Gtiniasteroidncrinns , 188 
Gomastrea, 99 
Gonioba&is, 548 
Gomoceras, 0(J9 
Gonioeidans, 273 
Gomoeladia, 346 
Gomoclymenia, 028 
Gomocoehu, 410 
Gomocoia, 97 
Goniodiscus, 711 
Gomoloboceras,, 031 
Gomoinya, 400 
Gnmoplioia, 402 
Gomopliorus, 279 
Goniophyllum, S7 
Gomopygus, 27l> 
Goniomma, 472 
Ganioteutlus, 682 
Gomotiypa, 345 
Gonocrmites, 154 
Gonodactyhis, 70S 
Gouodon, 486 
Goodallia, 472 
Gorgonella, 110 
Gorgonia, 110 
GorganoctpUahLS, 255 , 
Gosavia, 561 
Gosseletia, 445 
Gosseletina, 524 
Gotbocrraus, 215 
GothograptiiH, 132 
Gothmdia, 373 
Gouldia, 474, 493 
GiaeophonuH, 788 
Grammatodcm, 441 
Grainmoceras, 658 
Grammysia, 439 
Granatucnnus, 171 
Gkaphiocrinus, 222 , 225 
Graphoceras, 058 
Graphuluriu , 110 
Graptacme, 509 
Graptodictya, 345 
Giasia, 292 
Gmteloupia, 402 
Greenfleldia, 415 
Gresslya, 4o4 
Griesburhitex, 039 
Griphodictya, 61 
Grossnuvriu, 003 
Grotriama, 472 
Gruenewaldtia, 409 
Gryllus, 799 
Grypluioa, 450 
Grypharostrea, 450 
Giypboclnlon, 512 


Giypoceias, C02 
Gualtiena, 297 
Guembelites, 04S 
Guerangcria, 452 
Guettaidia, 64 
Guettardicnnus, 232 
Guilfoidia, 52S 
Gmidlachia, 575 
Gwyma, 40a 
Gymmtes, G45 
; Gymnocniiius, 240 
1 Gymnotoceias, 047 
! Gypidui , 394 
I Gypidula, 395 
Gyronema, 530 
Gyiopleuia, 478 

Habelia, 776 
Huhrumnus, 194 
Hudeutoimim, S0G 
Hadioennus, 191 
Hadiophyllmn, 82 
Haenlemia, 447 
Hagenowuiella, 349 
Halut, 501 
Halicardia, 46S 
Halil unt es, 640 
Haliotis, 523 
Haliris, 409 
Hallicy.stis, 154 
Halliella, 738 
Hath tut, 408 
Hallirhoa, 54 
Halloceias, 003 
Hallodictya, 01 
Hallopoi'a, 337 
Halloponna, 337 
Halobia, 448 
Halomitra, 102 
Halonympha, 470 
Halorella, 399 
Halorites, 039 
HalyRiocrmus, 214 
Halysites, 117 
Hammea, 567 
Hanntes, 653 
Hammatoceras, 660 
Hamulina, 054 
Hamulus, 508 
Hamusma, 531 
Hanleja, 512 
Hapalocnims, 199 
Hapaloptera, 807 
Haplaraea, 105 
Haploceras, 001 
Haploconus, 721 
Haplocrnras, 208 
Haplocyslis, 159 
Haplohelia, 95 
Ilaplooecia, 321, 324 
llaplophrayviium, 2(5 
Haplopleuroceras, 600 
Haploscaphu, 447 
Haplosmilia, 101 
Haplosticlie, 20 
Hai'mocrvius, 189 
Harpft, 502 

Harpactocarcinus, 707 
Harixagodes, 552 
Harpux, 459 
Harpea, 711 
Hurpina, 711 
Harpopsis, 562 
Harpoceraa, 058 
Harttma, 402 
Hastimima, 785 
Hastula, 502 
Ifauericeras, 007 
Bauenna, 38 
ITauerites, 035 
Haugia, 000 
Haustellum, 558 
Iluuth'eniu, 547 
Hebertclla, 381 
IT(‘dfinstro(uuia, 034 
JTedorolla, 320 
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Hefriga, 701 
Helcion, 520 
Helcionisciis, 520 
Helcionopsis, 520 
Heliantliabter, 251 
Heliastei, 251 
Helicaulax, 551 
Helicoceras, 654 
Helicodictya, b0 
Helicodonta, 576 
Helicophanta, 576 
Helicopora, 341 
Helicoryptus, 532 
Helicotoma, 527 
Helictites, 64S 
Heliocnnus, 152 
Heliolites, 112 
Heliopbyllum, S4 
Heliopoia, 111 
Heliotrypa, 345 
Helix, 576 
Helmersema, 372 
Helminthockiton, 512 
Heloceras, 599 
Helunyx, 510 
Helopora, 342 
Hemiarthrum, 512 
Hemiaspis, 777 
Hemiaster, 295 
Hemieardium , 444 
Hemicellana, 324 
Hemicidaris, 275 
Hemicosmites, 152 
Earner mut > , 240 
Hemicystites, 159 
Hemidiadema, 275 
Hemidonax, 4S4, 496 
Hemifusua, 557 
Hemigyra&pis, 719 
Hemimaetia, 49S 
Heimnajas, 452 
Hemipatagus, 294 
Hemipedina, 277 
Heimpbragma, 338 
Hemiphragmoceras, 612 
Hemiplethorhynchus, SOS 
Hemiplicatula, 461 
Hemipneustes, 293 
Hemipronites, 393 
Hemiptyehina, 403 
Hemisinus, 548 
Hemitbyns, 399 
Hemitrypa, 341 
Hepiudactijtus, 552 
Heptastylis, 106 
Heraclites, 64S 
Hereoceraa, 605 
Hercocnnus, 18S 
Hereoglossa, 603 
Hercynella, 573 
Hermatostroma, 123 
Hemodia, 320 
Herpetocnnus, 212 
Herpetolitha, 102 
Hertha, 237 
Hesperagrion, 811 
Hespeneila, 524 
Hespentes, 648 
Eeferaster , 294 
Heterastridium, 2, 121 
Heterelasma, 403 
Heteroblastus, 172 
Heteiocardia, 498 
Heterocentr otus, v 283 
Heteroceras, G54 
Heterocrinus, 212, 212 
Heterocystites, 153 
Heterodiadema, 277 
Eeterodiceras, 477 
Heterod ictya, 344 
Heterodonax, 495 
Heteronema, SIS 
Heteropbylha, 87 
Heteropora, 326 
Heterosalena, 279 
Heteroscbisma, 168 , 509 
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Heterostegma, 35 
Heterotypa, 333 
Hettangui , 484 
Hexacimus, 200 
Hexagonella, 330 
Hexulucyst is, 152 
Hexamerocenib, 612 
Hiatella, 499 
Hihernula, 237 
llLbolithen, bS2 
Hibloeeras, 65S 
Himantopterus , 783 
Hindella, 415 
Huidia, 56 
Hmdsiella, 4SS 
Hinmtes, 458. 
Hippigus, 469 
Hippariouyx, 3S6 
Hippocliienes, 552 
Hippomehanon, 735 
Hippomx, 542 
Hippopodium, 462 
Hippoporma, 352 
Hippopus, 490 
Hippuntes, 4S2 
Hibtioderma, 141 
Hist i icrinus , *200 
Hochstettena, 449 
Hcdotercnes, S04 
Hoernesia, 447 
Holaster, 293 
Holasterella, 62 
Holcodibcus, 667 
Holeospongia, 71 
Holcostephanus, 664 
Holectypus, 284 
Hollandites, 647 
Hollma, 738 
Holmia, 714 
Holmieeias, 601 
Holocrinus, 232 
Holocystis, 101, 150 
Hologyra, 533 
Hole pea, 530, 539 
Holopella, 538 
Holopneustes, 2S2 
Holopus, 241 
Holorhynclnib, 395 
Holothuna, 313 
Homaloceras, 601 
Homalocrmus, 203 
Homalonotus, 724 
Homarus, 764 . 
Homelys, 7bl ' 
Homer ties, 639 
Hqjnocrmus, 217 
Homocystites, 154 
Homoeosolen, 323 
Homoeospira, 414 
Homolampas, 297 
Homomya, 466 
Honiotrypa, 332 
Homotrypella, 332 
i Hoplites, 668 
1 Hoplitoides, 671 
Hoploermus, 211 
Hoplolichas, 722 
Hoplomytilus, 449 
Hoploparia, 764 
Horioceras, 659 
Honostoma, 541 
Hormotoma, 525 
Hornera, 324 
Huddlestoma, 65S 
Huenella, 392 
Hughmillena, 7S5 
Hungarites, 646 
Hurdia, 750 
Huronia, 609 
Hustedia, 414 
ffyalaea, 570 
Hyalostelia, 62 
Hyalotragos, 58 
Hyatteckmus, 301 
Hyattella, 415 
Hyattidma, 415 


Ilyboclypeus, 202 
Hyboermus, 211 
Hybocysti.s, 211 
Hybocystites, 154 
Rijboeeh inns, 306 
Hydatma, 567 
Hydnoceias, 60 
Hydractinia, 120 
Hydreiouocrmus, 223 
Hydviocrinus, 222 
Hydriodictya, 60 
Hydrobia, 545 
Hymenoeans, 750 
Hyvienoeyelus , 36 
Hymeuophyllia, 99 
Hynmphoria, 407 
Hyocrmus, 238 
Hyolithellns, 572 
Hyolithes, 571 
Hypagnosfrus, 710 
Hypalocnnua, 234 
Hypan th uennus, 1 92 
Hypeclumis, 282 
Hyperammina, 25 
Hyperlioceias, 658 
Hyperocrinus, 196 
Hyphantaema, 61 
Iiyphaamopora, 344 
llypockul'iscites, 643 
Hypocnims, 167, 219 
Hypodudema, 275 
Hyponome, 160 
Hypothyridma, 398 
Hypothyris, 398 
Hypotrema, 461 
Hypsiplenra, 537 
Hyptiocmius, 187 
Hysocnnus, 208 
Hystatoceras, 672 
Hystncurus, 71(5 

Iclithyocrimis, 204 
lehthyosareohtes, 480 
Idalmn, 39 
Idtocnnus , 187 
Idiostroma, 124 
Idiotrypa, 335 
Idmonea, 320 
Idonearca, 442 
Jgoceros, 541 
Uariona, 290 
Illaenus, 719 
Illyaarms, 230 
Ilyodes, 793 
Imbncaria, 560 
Indoceras, 671 
InfraclypeuK, 292 
Infulaster, 204 
Inocellia, 812 
Inoceranms, 447 
Tntrapora, 345 
Inmmina , 324 
Iuyoites, 640 
locrimis, 212 
Iplml&a , 370 
IphidelJa, 370 
Iplngema, 496 
Indina, 455 
Indometra, 237 
laanda, 532 
Isaster, 294 
Isastrea, 9S 
Iscanotia, 494 
Isehaditea, 72 
Ischnochiton, 513 
Iaehynna, 733 
Isehyrodonta, 442 
Isidora, 575 
Isis, 233 

Ismenia, 405, 408 
Isoarca, 443 
Isobuthus, 78S 
Isocardia, 491 
Isochilma, 737 
Isocrama, 379 
Isocnnus , 206, 283 


Isoeulia, 430 
Iscxlonta. 19t5 
IsiHpHHUHOU, ‘\ 17 
hog i (till mu, 3S9 
Isoneina, 63,8 
hiYpleum ,, 553 
I wii liapliima, 57 
hur/n/m hits, 393 
rsnlelus, 719 
Tsptrypa, 3 11 
Isoxys, 735 
Itioria, 549 
Ivama, 524 

Jauulclla, 25 
Ja(‘k(*lcjc*.ybLis, 154 
Jail n lies, 670 
Jniu'ia, 488 
Janic(5])s, 4 IS 
Janira, 457 
JapomtcH, 637, 645 
Joroa, 54 
JcriMca, 68 
Joaimisclla, 487 
J()anmt,<‘H, 042 
Jodamia, 482, 482 
Joiiosclla, 738 
Jon<‘sina, 738 
Jouaniu'tia, 501 
tJov(dlariia, 010 
JoviL<‘s, 639 
Jnglandoonnus, 153 
JulopHiH, 793 
Julia, 4(54 
JuhiK, 792 
Jupitc-na, 815 
Juvavplln, 401 
Juvau'lliim, 401 
JuvavitPH, 039 

Kanipu(*ans, 793 
Kami fa ,, 5(55 
Kanophylltmi, 82 
Karpmskya, 409 
Kal.Uariim, 513 
KayHi'i'olla, 38(5 
Kaysnna, 418 
Kpilosionm, 537 
Iv(‘la(»iio, (588 
Kell id, 488 
Kolliella, 489 
KemiMoHiiliaem, 40 
K<»yHerliiigia, 87(5 
KoyMPirlmgum, 387 
IC(‘ya(ii*lingiti‘H, (547 
Kmgeiia, 400 
King l a, 100 
KiotioePTiis, (500 
| Kirk by a, 738 
KlipHteimu, 048 
Kloedpiudla, 738 
Kloe<l cnia, 738 
KiiPinicnmH, 1571 
ICocbia, 444 
Kopnmntdn, (531 
KoliOliella, 524 
Kokema, 522 
Konmck(4la, 419 
Konmckm, 107 
Kcminakma, 419 
KonmckiltiH, 045 
KomnckoecmH, (500 
Konimjko<;idariH, 301 
Komnckoi Ionia, 419 
Konmckoidiyllmn, 86 
Kraimia, 408 
Kmussma, 408 
KreiHchorm, 791 
KuHiaraclmo, 789 
Kutorgma, 37 J 
KymatiicH, (544 

Tjabecbm, 124 
Ijabiduroimna, 800 
Labiosa, 498 
Lacasella, 3(50 
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Lacazella, 388 
Lam? mu, 3S 
Lachesis, 5(i3 
Lacuna, 540 
Lacunelhi, 540 
Lacumiui, 53 l > 
Laevieaidium, 400 
Laevulentalium, 509 
Lagan um, 2S6 
Lagena, 29 
Ltujenwcnnu*, 209 
Laguncula, 544 
Lahusemocrnms, ISO. 
LaUimma, 372 
Lamanskya, 384 
Lambrua, 766 
Lampania, 550 
Lampteiociinus, 187 
Lanceolites, 035 
Laniena, 284 
Lapeirousia, 482 
Lapillocystites, 150 
Lapparentia, 545 
Lapivorfchura, 255 
Laqueus, 400 
Lartetia, 545 
Lasaea, 4SS 
Lasiograptus, 131 
Laternula, 466 
Laterucava, 320 
Laterocea, 323 
Latinis, 559 
Latomeandra, 9S 
Latusastrea, 97 
Latzelia, 793 
Laubella, 524 
Lcaia, 734 
Leanchoilia, 732 
Lebedictya, 60 
Lecauites, 044 
Lecanocnnus, 203 
Leeanoerinm, 205 
Lecytlnocrmus, 221 
Lncythocrimw, 221 
Leda, 441 
Leila, 455 
Leiochoma, 59 
Leiooidans, 273 
Leioderma, 501 
Leiomya, 469 
Lciomyalma, 449 
Leiopedma, 278 
Leioptena, 448 
Leiorhynchus, 39S 
Lcutstoma , 559 
Leiostracosia, 67 
Lejopyge, 710 
Jjenita, 288 
Lenticeras, 072 
Lentwuhtes, 35 
Lepadorrmns, 154 
Lepadocystis, 154 
Lepas, 745 
Lepeditta, 734 
Lepe,rditella,’737 
Leperditia, 737 
Lepeta, 520 
Leputella, 520 
Lopetopsis, 520 
Lepidaster, 251 
Xjepidechhius, 306 
Lepidestlies, 306 
Lepidoceutnis, 301 
Lepidocidans, 300 
Lepidocoleus, 743 
Lepidoderma, 782 
Lepidodistis, 159 
Lepidopleurus, 512 
Lepidolites, 72 
Lepidospongia, 67 
Lepidurus, 733 
Lepisma, 819 
Lepoi'r'mus, 154 
Lepralia, 352 
Leptaster, 250 
Leptuena, 384 


Leptaenalosia , 391 
Leptaemsia, 3S5 
Leptaqoma , 384 
Leptastia.cn, 9S 
Leptella, 3S4 
Leptembcilon, 372 
Leptestlies, 474 
Leptobolus, 372 
Leptoeeras, 053 
Lcptuchitun, 512 
Leptocoelia, 417 
Lepto( i mus , 194 
Leptodesma, 444 
Leptodomus, 439 
Leptodus, 387 
Leptogiaptus. 130 
Leptomana, 524 
Lepton, 48S 
Leptophragma, 04 
Leptopliyllia, 103 
Leptopoma, 540 
Leptoria, 99 
Leptosolen, 496 
Leptospi.sula, 498 
Leptostioplna, 3S5 
Leptoteuthis, 087 
Leptotrypa, 334 
Lepton,*, 54S 
Leshiu, 297 
Leucoina, 574 
Leucozoma, 560 
Leuctra, SOS 
Leuroceras, 004 
Le.mlle.ut, 524 
Leivisiella, 532 
Lib il imt, 472 
Lichaa, 721 
Lichenalia, 347 
Lichonocrinus, 100 
Lichenocystis, 107 
Lichenoides, 157 
Lichenopora, 325 
Lichenotrypa, 330 
biebea, 449 
Lutvila, 407 
Lillia, 04 *0 
Lima, 400 
Limacme, 570 
Limaea, 460 
Limanomia, 401 
Limatula, 400 
Limnaeub, 574 
Limnocanlium, 490 
Lunopsis, 442 
Lnnoptera, 44S 
Limuloides, 777 
Limulus, 774 
Lineana, 494 
Lmdstioemaster, 24S 
Lmdstroemella, 378 
Lingula, 374 
Ltngulaniis, 374 
Lmgulasina, 374 
Lin<julel<u,ma, 374 
Lmgulella, 372 
Lingulma, 30 
Lingulipora, 374 
Lmgulo bolus, 371 
Lingulocaris, 751 
Lmgulodisema, 377 
Lmgulops, 374 
Lmnarssonella, 377 
Lin narsson ill, 370 
Lmthia, 290 
Linuparus, 763 
Lioceras, 658 
Lioclema, 330 
Lioclemella, 33G 
Liolophura, 513 
Liopeplum, 501 
Liopiatlia, 409 
Lioplax, 544 
Liospira, 525 
Liothyrina, 305, 404 
Liathynn, 404 
Liotia, 529 


Liparoceras, 656, 657 
Lisgocans, 754 
Lispoceras, 004 
Li.spodestliPS, 551 
Iibsocern*, 001 
Lissoclnlus, 534 
Lissopleura, 401 
Litbactima, 102 
Litliagnon, Sll 
Litliaraea, 100 
Litliobius, 793 
Lithocampe, 42 
Lithocardium, 490 
Lithocimus, 204 
Lxthodendron , 99 
Lithodomib, 403 
Lithodryas, SI 5 
Lithogaster, 702 
Lithoglyplius, 545 
Lithophagus, 403 
Lithophylax, 700 
Lithopoma, 528 
Litliostiotion, SO 
Litiopa, 540 
Litoceias, 000 
Litorieola, 760 
Littorma, 539 
Littui inelht, 545 
Lituites, 001 
Tjobantale, 509 
Lobites, 641 
Lobocarcmus, 767 
Lobocrmn *, 19G 
Lobohthns, 100, 190 
Lobopora, 353 
Lobopsammia, 10G 
Loculana, 322 
Loculi pora, 341 
Loczyella, 3SS 
Lodanella, 150 
Loftusia, 120 
Loncliodomas, 712 
Longobardites, 634 
Lonsdaleia, 80 
Loplioblastus, 172 
Lojihoceras, 607, 658 
Lopliocrmus, 221 
Lox>liolepis, 322 
Lopliomtn s\ 793 
Lophopliyllum, 84 
Lophosens, 103 
Lophosinilia, 100 
Lophospira, 525 
Loiica, 513 
Loricella, 513 
Lon cites, 512 
Loricula, 744 
Lonolastev, 25X 
Lori] ics, 48(5 
Loturium, 555 
Loveneclimus, 303 
Lovema, 297 
Loxocoras, 008 
Loxonema, 530 
LoxupUna, 444 
Lucapma, 526 
Lucapmella, 526 
Lucma, 485, 48(5 
Ludwigia, 058 
Lunibncaria, 139 
Luvibricites, 139 
Lnuatia, 5*43 
Lunulicardium, 444 
Lunulites, 350 
Lutetia, 489 
Lutraria, 498 
Luzoma, 470 
Lychnooamum, 44 
7 ycotlcs, 453 
Lycophona, 394 
Lycophrys, 36 
Lymnaea, 574 
Lynceites, 735 
Lyonsia, 408 
Lyonsiella, 408 
Lyra, 400, 500 


Lyriocrinus, 1S9 
Lynupcchn, 457 
Lyrodesma, 435 
Lyiopora, 341 
Lysactmella, 00 
Lysiosquilla, 7(58 
Lysis, 538 
Ly^ocystites, 1 r >7 
Lytoceras, (552 
Lyttonux, 3S7 

Macandre\ia, 400 
Macaiocnnus, 194 
Maecoya, 30J 
Macha, 495 
Maclnlis, 819 
Machomja, 400 
Mackenzia, 11S 
Maclurea, 527 
Maclurma, 527 
Macoma, 494 
Mae raster, 294 
Macroealhsta, 493 
Macrocans, 731 
Macrocephalites, 003 
Maciocdieilus, 530 
Mar t orb il mn, 530 
Maorocnnus, 195 
Maorocypm, 740 
Macrocy stella, 157 
Mtwroihm, 441 
Macronotella, 738 
Macropneustes, 297 
Maemseaphites, G53 
Macrosclusma, 520 
Maerostylocrmus, 191 
Maetra, 497 
Maetrella, 497 
Mactrodonna, 497 
Mactroniya, 4(50 
Mactropsis, 49S 
Mactrotoma, 497 
Mad repot a, 107 
Maenoceras, (530 
Magalomphala, 522 
Magas, 407 
Magasella, 407 
Magellan la, 408 
Mugila, 703 
Magnesia, 277 
Maui, 766 
Maiocercus, 791 
Malacostroma, 124 
Maluptora, 551 
Malletia, 441 
Malleus, 449 
Malocystis, 151 
Mammites, (509 
Mandaloceras, 612 
Mangilui, 504 
Manuia, 408 
Manbicoceitis, 631 
Manignicnnus, 222 
Marelia, 297 

Margantes, 532, 038, 640 
Margarya, 544 
Marginalia, 349 
Marginella, 500 
Margimfera, 390 
Margmulma, 30 
Mariacrmus, 190 
Marmolatfdla, 533 
Marszpella, 24 
Marsipocrmus, 199 
Marsupwr.rvnns, 189, 199 
Marsupites, 235 
Martesia, 501 
Martima, 412 
Martimopsis, 412 
Mastigocrinus, 220 
Mate.mila, 444 
Matlieria, 442 
Matheronui, 477 
Mathilda, 537 
Malthewni, 571 
Matuta, 7(55 
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Mi iszn, 560 
Mttzznlinu, 5G0 
Mecochnus, 7G3 
Mecynodon, 471 
Medlieottia, G33 
Medusastei, 251 
Meekeelmms, 307 
Meekella, 3S7 
Meekoceras, 645 
Meekocytis, 154 
Meekopora, 330 
Medusites, 134 
Megacystites, 150 
Megalantens, 402 
Megalaspis, 71S 
Megalitlnsta, 57 
Megalodon, 453 
Megalograptus, 7S3 
Megalomastoma, 540 
Megalomus, 454 
Meganeura, 809 
Meganteris, 402 
Megapliyllites, 641 
Megapodagnon, 811 
Megaptem, 445 
Megaraphidia, 812 
Megarhiza, 59 
Megarhynchus , 392 
Megatebennus, 526 
Megateuthis, 682 
Megathyns, 405 
Megerlea , 405 
Megerlina, 408 
Megistocrmus, 195 
Meioeardia, 491 
Melampus, 574 
Melanagrion, 811 
Melania, 547 
Melanopsis, 548 
Meleagnna, 448 
Melm , 600 
Meliceritites, 324 
Mellita, 28S 
Melo, 561 
Meloeeras, 611 
Melocrinus, 190 
Melonecbinus, 304 
Melonella, 56 
Melongena, 557 
Melonites , 304 
Melonoceras, 611 
Membrampora, 349, 350 
Membraniporella, 350 
Meneghmiceras, 652 
Mem pea, 848 
Memscopora, 333 
Menophyllum, S4 
Mentzelia, 412 
Meoma, 297 
Meretrix, 493 
Merista, 516 
Meristella, 415' 
Menstma, 415 
Meristocrmus, 204 
Meristospira, 415 
Meiocrmus, 215 
Meroe, 492 
Mesalia, 546 
MesenUripoia, 319 
Mesidotea, 738 
Mesites, 156 
Mesoblastus, 172 
Mesoceras, 597 
Mesocrmus, 229 
Mesoeyttis, 156 
Mesodesma, 49S 
Mesograptus, 130 
Mesoleuctra, 808 
Mesonaeis, 734 
Mesonemura, SOS 
Mesotliyra, 753 
Mesotreta, 377 
Mesotrypa, 333 
Mespilocrinus, 203, 232 
Mesuropetala, 810 
Metablastus, 170 
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Metaeoceras, 605 
Metacrmns, 234 
j Metalia, 297 
1 Metaplasia, 412 
Meta poi limns, 292 
Metasibintes, 039 
Metatnolites, 648 
Metengonoceras, o71 
I Metichtbjocimus, 205 
Metoiceras, 671 
Metopaster, 230 
Metoptoma, 520 
Metriopbyllum, 84 
Metula, 557 
Michelima, 115 
Mickwitzella, 371 
Mickwitzia, 370 
Mierabaeia, 103 
Micrastei, 296 
Micro blast ldmm, 67 
Microeeras, 521 
Microconchus, 13S 
Microcnnus, 237 
Microcylus, 82 
Microcyphus, 2S2 
Microderoceras, 656 
Microdiscus , 711 
Microdoma, 531 
Microdon, 471 
Micromaia, 766 
Micromelama, 545 
Micromitra, 370 
Micropedma, 278' 
Miciopoci i nus, 241 
Micropora, 351 
Micropoiella, 351 
Mieropsis, 2S0 
Microscbiza, 537 
Microsens, 102 
Microsolena, 104 
Microthorax, 766 
Microthyns, 40G 
Micrutropites , 638 
Mila, 444 
Miliola, 38 
Miliolraa, 3S 
Millepora, 119 
Millencnuus, 231 
Milnena, 476 
Miltha, 4S6 
Miltitcs, 639 
Mnnoceras, 629 
Mimocystitcs , 157 
Mimulus, 3S7 
Miocidaris, 272 
MiscJioptera, 813 
Miskoia, 136 
Missauricmiu't, 215 
Mithracites, 765 
Mitoclema, 321 
Mitra, 560 
Mitraefusus, 557 
Mitraster, 250 
Mitrocystella, 150 
Mitrocystites, 150 
Mixosiphonoceras, 610 
Mixotermes, 797 
Mizalia, 790 
Mobergi a, 375 
Modelia, 529 
Modiella, 449 
Modiola, 468 
Modiolana, 463 
Modiolodon, 462 
Modioloides, 439 
Modiolopsis, 462 
Modiomorplia, 462 
Mogulia, 523 
Mobrenstemia, 545 
Moira, 296 
Mojsvarites, 651 
Molana, 776 
Moltkia, 110 
I Monachocrimis, 230 
j Monia, 461 
Monmerella, S73 
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Monobolina, 377 
Monoceros, 558 
Monocom lylaoa, 435 
Moiiodacna, 490 
Monodonta, 531 
Monogiaptus, 132 
Monophyllites, t>50, 051 
Monopleuia, 478 
Monoprion , 132 
Monoptenu, 448 
Monoiakos, 727 
Monotis, 448 
Monotrypa, 339 
Monotrypella, 336 
Jlonticulipora, 331 
Montlivaltia, UG 
Moorea, 738 
Mooretieldella, 398 
Mopalia, 513 
Mono, 554 
Mormolueoides, 811 
Morphoceras, 064 
Monism, 405 
Mortomceras, 672 
Mourloma, 524 
Mucxonella, 852 
Muehlfeldtia, 405 
Muellena, 455 
Muenstentes, 048 
Muensteroeeras, 636 
Mulima, 49S 
Mulletm, 447 
Multicavea, 32G 
Multitnbiftera, 322 
Multizonopora, 320 
Mumenceras, 669 
Murchisoiua, 525 
Murex, 558 
Musculus, 403 
Mutela, 455 
Mutiella, 487 
Mya, 499 
Myacites , 464 
Myalma, 449 
Myahnodontn, 448 
Myalmoptera, 449 
Mycetopoda, 455 
Mycocrnras, 214 
Myelodactylus, 212 
Myocaris, 754 
Myochama, 407 
Myooonelia, 462 
Myodora, 4b7 
Alyouera, 470 
Myoma,, 566 
Myoplioria, 456 
Myoplionopsis, 457 
Myoplusia, 440 
Myopsis, 4b0 
Mynamtes, 141 
Mynoporci , 353 
Mynozoum, 853 
Mynstica, 557 
Myrtea, 486 
MyrtiUocnnns, 219 
Mysidia, 449 
Mystrophora, 393 
Mytilarca, 445 
Mytilops, 449 
Mytilopsis, 463 
Mytilus, 463 

Nacella, 520 
Naiadites, 451 
Naites, 141 
Nanmtes, 637 
Nannot, 596 
Nannogomphus, 810 
Nanocrmns, 219 
JSTanthacia, 799 
Naranaio, 494 
Naraoia, 733 
Narthecoceras, 596 
Nassa, 556 
Natica, 542 
Naticella, 533 


Natl oops l.s, 533 
Natiria, 533 
Nuuin.icliocnmis, 2: 
Nautdus, 007 
JVmmt, 109 
Neativtm, 400 
Nebalia, 749 
Neetoearcimis, 705 
Necrotfnimniti us, 759 
Necrosed la, 7 oh 
N eerotauliub, 81 1 
Nectotolson, 756 
Nntlwa, 457 
Nomagraptus, 130 
Nemapodui, J4L 
Nomastomoides, 791 
Nemataxis, 344 
Ncwitocrm ns, 2 1 4 
Neinatopora, 343 
Nenmtotrypa, 344 
Ncmiatmn, 545 
Nomerfcitow, 141 
Nomodon, 442 
Noobolim, 372 
NeocatLlhti s, 447 
NoocatopygiiM, 290 
Neocoimtes, (168 
Neunvnus, 283 
NeoeyslitoH, 160 
Ncolmulm, 56 
Neolampas, 291 * 

Noolomis, 716 
Neolmudu.s, 776 
Neomi'gnlodun, 454 
Neorthopldobm, 818 
Ncosc tMmhitt, 456 
Neath whs, 408 
Nephntiecsnw, 60 1 
Ncjihroys, 761 
NeptocaminiH, 767 
Ncptiinva, 557 
NeptuuuH, 767 
Nereites, 141 
Nermoa, 519 
Norm el la, 549 
Nonta, 534 
Nerli-ana, 584 
Noiitma, 584 
Neritoilonmn, 584 
Nentoma, 584 
Ncntoviopsis, 583 
NontopsiM, 534 
Nouinayna, 663 
Neusma, 26 
Nevoritu, 543 
Nowboma, 401 
NieliolHonellti, 334 
Nicholsonm, 1 12 , 845 
NieoiuedileH, 645 
Nieszkowskia, 725 
Nd(Mis, 719 
Nmol la, 529 
Niptmdln, 57 
NiptorocjrmuN, 201 
Nmusla, 880* 
Nod(iU*a, 824 
Nodicresns, 826 
Nodosaria, 80 
Noetia, 448 
Noetlingia, 391 
Nomismoc«<ms, 681 
Norella, 899 
Norites, 683 
NorumimitoH, 663 
Nothoceras, 618 
Nothozoo. 751 
Notothyris, 403 
NovatjuUim, 495 
Nubecularifi, 87 
Nucleatula, 401 
Nucleocrlmis, 1 71 
Nucleolitos, 289 
Nucloospira, 415 
Nueula, 440 
i Nuoulam, 440 
l-Nuculina, 441 
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NuniHiuhna , 30 
Nummulites, 35 
Nuttalma, 5l,j 
Nyassa, 452 
Nj ctiloclms, 355 
Nyctopora, 114 
Nympliaeoblaht.u\ 172 
Nympliaeops, 703 
Nymph, ilites, 813 
Nymphastcr, 2.30 
Nyntia, .345 

Ohfttiuihni , 4.32 
Obolella, 37.3 
Obolcllnw, 373 
Obolus, 371 
Ochetoeeras, 058 
0< mein a, 5.3.8 

< >ct<jnam, 730 
Octotvemacis, 111 
Ooulma, 0.3 
Oculo.spongia, 71 
Odanua, 750 

i idem I nee i as, 009 
Odtmloperna, 147 

< ><lontopleuru, 722 
OrinilUitriUMi, 330 
Odostonua, ,337 
Oi'GOply chins, 03.5 
OecotraiLstes, 05S 
Oerliscluft, 70S 
Oehlertellu, 377 
Oesia, 141 

Ofla, 71*2 
OfTahter, 293 
Otfiqii", 718, 719 
Ogygincavis, 718 
Ogygitfts, 710 
Ogygopsis, 718 
Oluocrmu.s, 212 
Oleostuplunms, 004 
OlclUaima, 38. 8 
Ol<ii»*ll(M(b‘H, 714 
OlonelluH, 714 
Olcnikitch, (147 
Olnioidos, 71 <) 

Oleums, 715 
Oliytici'inu'*, *200 
Ohgopovus, 301 
Oligotoma, 503 
Oliva, 502 
Ohnunti‘% 171 
Olivella, 502 
Oltarrunm, I>88 
Oiiutlaxi s, 538 
Oniboma, 380 
Umithaliti, 540 
OmplialocuTUs, 527 
Omphalophyllia, 103 
Oinplmlnptems, 543 
( nnphalotroohus, 528 
Omphymn, .85 
Onchonietopus, 710 
OnchotrocliUH, 04 
OncoiTvas, 01 1 
OiifoclnlUH, 534 
Oiwnrrinvs, 203 
Oueodoi’cras, OQO 
Oucniua, 552 
Oncnpam, 703 
Oncopliora, 404 
OlK'OKpini, 531 
Ouithoclnton, 513 
Onycl) aster, 255 
(hi noli ia, 444 

< )uyt*lioc alia, 350 
Onychoermus, 200 
Onyehopterus, 782 
Oocevas, 010 
Ooma, 537 
Oaiwnemu, 010 
Opabmia, 732 
Opovculma, 35 
Oplucei’as, ()43 
Opludiorera.s, 001 
OpliiMa, 327 
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I Opluocei.is, 65.3 
Ophiocoina, 250 
Oplnocrmus, ISO 
! OphiooHnus, 212 , 221 
| Ophioctcn, 25o 
Ophioderma, 250 
Ophiolepis, 250 
Ophiomusmm, 250 
Ophnapliulite.s, 51 
Ophmiella, 230 
Ophmrites, 237 
Oplilura, 250 
Optlatlmiduuu, 38 
Opihotaibus, 701 
Opis, 473 
( )pisoma, 473 
Opisthopteia, 445 
Oplophorua, 7ol 
( )ppelia f 65S 
Oppehsimlia, 07 
Orbicella, 08 

0 rhi eel I a, 077 

( irbiculma, 30 
Orbiculoidea, 377 
Orbignyell.i, 3.51 
1 Orbign>iu, 4S2 
! Orbipecten, 457 
Oibipoia, 03o 
| Orbi Louies, 30 
I Orbitolma, 27 
Orbitolites, 30 
Orbitremites, 171 
Orbubna, 31 
Oreastei, 251 
| UnoHtnmu, 528 
Oiiskama, 401 
Ormoceras, 000 
( )rmthaster, 290 
Ornithella, 40<> 
Orocystites, 152 
( )ropliocrmuH, 109 
Orozoo, 752 
Orthambn lutes, 08 1 
Orthaulax, 553 

< )rthidmm, 385 
Ortlns, 381 
Orthmtni, 392 
OrtlioceraH, 508 
Ortliocidaris, *274 
Orthomnns, 187 
Orlliodesina, 402 
Ortliodontiscus, 470 
Ortliograptus, 130 
Oitlioulea, 407 
(h'thommtca, 40.8 

< Irtlionota, 402 

( h’thonyelna, 541 
Orthophlebia, SI 3 
Ortlmpora, 344 
Orthopsis, 270 
UrthiqituchuN, 470 
( >i thorhyuclmla, 390 
Ortliohtnma, 500 
Ortliostvophia, 382 
Ortho fetes, 380 
Ortliothoca, 571 
OrtlwtheU v., 380 
( Irlliothetma, 387 
Orthuthn.r, 301 
Orthoticlna, 3S3 
Orllxnloma, 400 
Ortliotropla, 305 
Ortonia, 130 
Oruma, 381 
Oryctocepluitms, 710 
( )HCulipura, 322 
OhiUmih, 531 
Osniylus, 813 
Uxtraniteutlw*, 083 
Oatrea, 450 

< )toom«, 040 
Otopouia, 540 
Otostoina, 534 
Ottawacnmis, ‘215 
Ottoin, 341 

1 Otuaia, 380 


I Ovula, 554 
Ovulactaeon, 500 
Owenella, 521 
Oxvemtes, 037 
Oxyclymema, 028 
Oxydiseus, 522 
Oxygynis, 536 
Oxynoticeras, 001) 
CKystele, 531 
Oxytoma, 448 
CKjuiopoda, 757 

Pachaatrella, 51 
j Pachimon. 50 
I Pacliycardia, 452 
Pachyclypeus, 285 
Pachydiotya, 340 
I Pachydi.scus, 667 
Pachyrlomella, 740 
I I’uchydon, 490 
| Pachygyia, 101 
i Pachylasma, 747 
I Paeliylocnims, 222 
j Pachymagas, 407 
Pctehymeijcdodoii , 454 
I Pachymytilus, 403 
1 Pachyphyllum, 80 
1 Pachypoma, 52S 
, Pachypoia, 114 
| Paehypteria, 459 
Parti ip hioirhus, 407 
Pachynsma, 454 
Pat-li intromit, 123 
Pachyteiclnsnia, 05 
Pachyleutlns, 082 
Pachytylodia, 71 
1 Paodemnms, 714 
, PaguiuR, 704 
j Palaeacis, 100 
i Paku’acniaea, 520 
| Pulaeamutela, 452 
! Pidaeaiiodotifci, 452 
, Palaea.stacus, 704 
Palaeaster, 248 
Pabu'oclimuh, 303 
Palaega, 758 
1 Pahwituu'hns, 705 
Palaemysis, 757 
1 Palaeoblattma, 820 
' PalaeoboliiH, 371 
I’alaeobn.ssus, 207 
Palaeocani])a, 703 
J Palaeocardita, 475 
Palaeocanw, 755 
PalaeocarpihuH, 707 
Palaeoclivysa, 813 
PalMortipiwn ia, 000 
I Palaeocoina, 251 
} PalaennnrMs, 487 
1 Palaeocorysliis, 705 
' Pufuencraiaa, 379 
Palacocreusia, 747 
| PalaeocrinuR, 217 
I JPalaeocycluH, 82 
I Palaeocypris, 740 
j PalaeocyKtitea, 152 
PalaeodisciiH, 290 
i PalaoogammaruH, 750 
| PalaeogomatiieR, 030 
Palaeograpsus, 700 
j l^alaeolaiupas, 291 
Palaeomanon, 50 
Paliu'omya, 484 
Palaeimanca, 533 
Palarmiautilw, 600 
PalaooncGtria, 240 
Palaeoneilo, 440 
PalaeoniBa, 537 
Palaeopluura, 254 
PalaeoplionuR, 787 
Palaeopinna, 440 
PalaeopneiwtGH, 205 
Pala(‘oporit«H, 112 
Palaeopuylltt, 817 
PalacorcheRtm, 750 
Palaeosaccus, 01 


Pah usuwppt mu, L10 
Palaeosolen, 400 
Palaeostella, 240 
Palaeostoma, 207 
i Palaeothups, 800 
j Palaeotropus, 297 
| Palabterma, 251 
, Palasterisciis, 251 
I Paleanatina, 438 
I Paten rat, 442 
Palenartlmis, 703 
! Paleocardia, 445 
PalmgGnia, S09 
Palmunna, 703 
Pallium , 457 
Palmocystis, 105 
Pultodus, 140 
PaltoplGiuoceras, 050 
Paltorliynchus, 805 
Paludina , 544 
Panda, 57i> 

Pandora, 4(»T 
Panoinya, 500 
Panope, 500 
1'anopea, 500 
PanopeuN, 707 
Papina, 493, 498 
Papyndea, 400 
Paracardmm, 430 
ParaceltitcH, 040 
ParacoehloceruH, 050 
Paractmoceras, 009 
Paracyallms, 05 
Paracyclas, 485 
ParadoxGolmms, 282 
Paradoxidesj 714 
ParagymmtGK, 045 
PaniiumivitcH, 020 
Para'kyinatiteH, 044 
Paialampas, 290 
ParalGcamtes, 044 
Paralegoceras, (530 
Parallelodon, 441 
Parambomtes, 303 
Pammelttnia, 548 
Paraiuya, 400 
Parannite.H, 637 
Paranoima, 401 
ParapacliydiscuH, 007 
Paraparuhlten, 737 
Pamphorhynchiis, 80S 
ParaphyllitGR, 030 
Parapopanoceras, 64 L 
Parapronontes, 033 
Pararea, 439 
Pamrcestes, 042 
Paranlai*to, 494 
ParaHtroplua, 394 
Paratlusbites, 048 
Ikiratropiles, 038 
Parazyga, 414 
Panchthyocrmus, 20t» 
PariHOorinus, 218 
Parkoria, 120 
Parkmsoma, 005 
J’armtiplmrits, 520 
Paroihuwut, 031 
ParniLiee.ms, 057 
Paropm , 448 
ParotermeH, 804 
Paryphcrstoiua, 537 
PaHCGoluR, 72, 160 
Passyia, 488 
Patella, 520 
Patelluia, 33 
PatidliocnnuH, 191 
Patellostium, 522 
Patenana, 322 
Paternia, 370 
Paterula, 372 
Patrocardnun, 444 
Patiersoma, 62 
Pai'onana,, 110 
J’ai'otuliujera, 322 
Panllnsi, 082 
| PetiGludla, 714 
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Peeclnolia, 409 
Peeten, 437 
Peduhon, 447 
Pediculana, 534 
Pecbna, 278 
Pedmopsis, 277 
Perlum, 458 
Pe innocents, 001 
Pelaqm , $28 
Pelagodiscus, 37S 
Pelagotliuria, 313 
Pel an echinus, 27S 
Peltairon, 533 
Peltastes, 279 
Peltocans, 754 
Peltoeeras, 603 
Peltura, 713 
Pemphix, 702 
Peneroplis, 39 
Pennntuhtes, 110 
Pennimtepoia , 343 
Pent art rus, 251 
Pentacrmus, 232, 233 
Pentactinella, 41S 
Penhuha , 224 
Pentagouaster, 249 
Pentagonta, 410 
Pentamerella, 395 
Penh ime race ms, 612 
Pentamerus, 395 
Pentaphyllum, S4 
Peatastrre , 3 l t5 
Pentata, 439 
Pentepbyllum, 172 
Pentremites, 109 
Pentremitidea, 169 
Pephricans, 732 
Peregnnella, 399 
Perexraea, 552 
Pergainidea, 449 
Pergen^ella, 320 
Pencosmus, 296 
Peiicyelus, 63«> 
Penecliocrmus, 194 
Pcviglj ptoermus, 190 
Penmecturus, 76S 
Penpetoceias, 000 
Peripleurites, 649 
Periploma, 467 
Penplomya, 466 
Pet tpneusten, 297 
Peripora, 321 
Penschoeidaris, 306 
Perischodomus, 306 
Pensplnnetes, 063 
Pensternia, 5(50 
Perla, SOS 
Pema, 447 
Pernopecten , 4' 7 
Perno^trea, 447 
Peronellu, 09 
Peromceras, 072 
Peromdella, t>9 
Peronoceras, 662 
Peronopora, 332 
Peronopsis, 710 
Perphearia, 560 
Persona, 535 
Petalaxis, 86 
Petaloconclms, 547 
Petalocnnus, 217 
Petalograptus, 130 
Petalopora, 324 
Petalospyris, 44 
Petalotrypa, 337 
Petersia, 558 
Petigopora, 333 
Petigurus, 718 
Petraia, 72 
Pet raster, 24S 
Petricola, 494 
Petricolaria, 494 
Petrocrama, 37S 
Pexidella, 418 
Phacites, 35 
Phacoceras, 604 
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| Pliacoides, 486 
' Phacopidella, 72(5 
| Phacops, 726 
, Phaenopora, 343 
I Phaeiioschisma, 16S 
, Plialacroma, 710 
f Plialangella, 320 
■ Plialangiotarbujs, 791 
i Phanerotmus, 527 
! Pharella, 49(5 
Pluiretra , 374 
Pharetrella, 571 
Pharetrium, 30S 
Pharostoma, 724 
Phasganocaris, 751 
Phasianella, 529 
Phasttnius , 529 
Phenacoceras, 632 
Phenacolepas, 520 
Phenacolestes, Sll 
Phvdot nuns, 223 
Phulolaphora , 353 
Plulhedia, 37S 
Philine, 568 
Philippiella, 459 
Plulis, 4S7 
Phillippites, 647 
Phillipsastiea, 87 
Phillipsia, 721 
Philhpsoc null's, 197 
Philobrya, 449 
Philocnnus, 223 
Phimocrmus, 209 
Phloioceras, 004 
Phoemcau'tnn s, 194 
Pholadella, 405 
Pholadocans, 754 
Pholadomya, 460 
Pholas, 501 
Pholideclimus, 302 
Pliolidocidans, 300 
Pholidophyllum, S4 
Pholidops, 379 
Pholidostropia, 3S5 
Phormedites, 648 
Pliormopora, 324 
Phoimosella, 60 
i Phoimosoma, 27S 
1 Phorus, 543 
I Phos, 050 
Phractopora, 340 
Phragmatoecites, S15 
Pliragmoceras, 013 
Phragmodictya, 61 
Phrnqtiiohtes, 522 
I Phrag nioxtomu, 523 
Phragmoteutliis, (584 
Plrragmotheca, 571 
Phreatuia, 739 
Plirynocriiras, 230 
Plirynus, 7S8 
Phryssonotus, 793 
Phthonia, 43S 
Phycticeras, 65S 
Pliyllacanthus, 273 
Phyllangia, 9S 
Phyllobrissus, 290 
Phylloceras, 652 
Phyllocoenia, 101 
Pliyllocnnus, 240 
Phyllodictya, 340 
Phyliodocites, 141 
Phylloftanria, S22 
Phyllograptus, 129 
Phyllonotus, 358 
Phyllopora, 341 
Phyllopu-nia, 340 
Phyllosmilia, 100 
Phylloteuthis, 688 
Phyloblatta, 803 
Phyinatella, 54 
Phynmtifer, 527 
Phyinechinus, 277 
Physa, 574 
Physetocrmus, 197 
Pliysocans, 751 
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Pliysodoceras, 66h 
Physospongm, (51 
Phytmnnus, 237 
Phytogyra, 102 
Pirtetomnub, 233 
Pictonia, 664 
Pikaia, 137, 141 
Pileolus, 535 
Pileopsis, 341 
Pileotrypi, 329 
Pileus, 285 
Piloceras, 596 
Pilocystites, 150 
Pnnelites, 062 
Pmacites, 030 
Pinacoceras, f53(5 
Pi nacophyllum, 1 0 1 
Pmaootxypa, 330 
Pinna, 440 
Pmnatopoia, 342 
Pmmgena, 44(5 
Pmnncuris, 754 
Piotiocnnuis , 194 
Pionodema, 3S2 
Pironaea, 4S2 
Pisanella, 556, 5(50 
Pisama, 656 
Pi^tdiuin, 475 
Pisocnnus, 20S 
Pithodea, 537 
Placenta, 4(>1 
Plaeentieeras, 671 
Placiphorella, 313 
Placites, <536 
Placocoema, 101 
Placoeystites, 151 
Placopana, 725 
Placoplioiopsis, 513 
Placoitliyllia, 100 
Placopsilma, 2o 
Placosmilia, 100 
Plum ntt, 461 
Placvmanoima, 461 
Plum new, 401 
Placunopsis, 401 
Plaesiomys, 582 
Plagioglypta, 500 
Plagioptychus, 479 
Plagiostoma, 400 
Planaxis, 540 
Planctoceias, 600 
Planetoceras, 004 
Planolite*, 141 
Planorbella, 570 
Planorbis, 574 
Planorbuhna, 32 
Planulina, 33 
Plasmopora, 112 
Plasmoporolla, 112 
Platidia, 403 
Platyacra, 581 
Platybnssuh, 295 
Platyceras, 541 
Platyclnlma, 534 
Platyehonia, 58 
Platyolymema, 028 
Platycrmus, 199 
Phitynjstis, 150 
PlatyinetopU't, 721 
Platyonya, 460 
Platyodon, 499 
Platyostouia, 541] 
Platyperla, 808 
Platy schism a, 527 
Platystroplna, 381 
Plaxiphora, 513 
Plecotrema, 574 
Plectambomtes, 884 
Plectella, 384 
Plectoceras, 601 
Plectoderma, 61 
Plectodermatimn, 07 
Plectodon, 470 
Plectomya, 400 
Plectorthis, 3S1 
Pleiodon, 450 


Plosiastruea, 98 
Plesioeypuna, J72 
Plesuul mum's, 177 
Plesiolampas, 2‘>1 
Plesiosira, 791 
Plesioteuthis, 088 
PlesiotliM is, 9>7 
Plethomytilus, 4 15 
Plethopoiu, 320 
Pletlmihynclm, 397 
ricthospira, 525 
Plourocaris, 75(> 
Pleurocmu, 5*18 
PI en roc eras, 548, 659 
Plcuroooni, 97 
Plenioemut\ 199 
Pleuroctenmiu, 710 
Pleuiocystiles, 154 
Plourodiudoma, 277 
Pleuvodiet/vuiu, 1M 
Pleurodouia, 43'», 57(» 
Phmrolyloceras, 052 
Plcuromeiis, 47<> 
Plemoinya, 104 
Pleuionaut-ilus, 000 
Pfiuuonohi s, 527 
Plemophoius, 471 
Pleura rUy minis, 44o 
Plain ostoma, 0 1 
Pfmmlumti, 503 
Plmiiotomavia, 524 
Plica Locri mis, 288 
Plicatula, 459 
Plmiqem, 418 
Plmunya, 400 
Plmtliosella, 55 
Phomeia, 725 
PliomtM'ops, 725 
Pliorhvlis, 4'.i5 
IMocoph, vllia, 101 
PlocoHcypUtu, 07 
Pluniatella, 854 
Ptrnmtemtv s, 351 
PhuiUiliteis, 744 
J^ychoph.N Hum, 85 
Plyeliospna, 414 
PociUopom, 90 
Pnmlintt , 570 
Podagra m, 811 
Podocidarw, 281 
Podocvatos, 703 
PodocyHm, 44 
Poecilasmu, 74*5 
Poocilomorplms, 058 
PolnurCK, 543 
Pnlhti, 560 
Pollicipes, 745 
Pollingovia, 137, 142 
Poloiilms, 501 
PolyblaHtidium, 00 
Polfim'iu s, 232 
rolycheles, 701 
Polycxdans, 274 
Polymelia, 09, 82 
Polycyc.lus, 049 
Polycyphus, 278 
Polydonta, 531 
PolygnathuH, 140 
PolygouoHpIiaenlcs, ' 
3’oly^yxra, 570 
Poly.ierea, 55 
PoJylupus, 745 
Polymara])hinnm, 51 
Polymorphinu, 3i 
Polymorph ii-cH, 067 
Polyochera, 789 
Pnlyodonta, 674 
PolyoHCi])ia, 04 
l'ulypdtes, 190 
PolyphomopKiH, 537 
Pol yphy Ilia, 102 
Polyphyma, 730 
PolyplectuH, 060 
Polypora, 841 
Polyi>tcluteH, 004 
PolysclndeH, 5KJ 
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Polysolema, 111 
Polystomella, 34 
Polytaxza, 325 
Polytoechia, 893 
Polytrema, 326 
Polytremacis, 111 
Polytremaria, 525 
Polytropis, 5*28 
Polyxenus, 792 
Pomatias, 540 
Poimtocnniis , 231 
PomcUograptus , 132 
Pomatospirella, 418 
Pomocystts , 155 
Pontocypris, 740 
Popanoceras, 641 
Porcellia, 524 
Porella, 352 
Poncella, 353 
Porma, 352 
Pomtoma, 353 
Pontes, 107 
Porocirlaris, 273 
Porocnnus, 160, 217, 225 
Poromya, 469 
Porosphaera, 121 
Porospongia, 65 
Portloekia, 539 
Portumtes, 767 
Posidomella, 449 
Posidonomypa, 449 
Potamides, 550 
Potamobius, 764 
Potamomya, 499 
Potamon, 767 
Poterioceras, Oil 
Potenocrmus, 222 
Potoceras, 606 
Pourtalesia, 298 
Praeamwpides, 755 
Praearcturus, 758 
Praecardium, 439 
Praeglyphioceras, 636 
Praelima, 439 
Praelucma, 439 
Praeftphaeioceras, 662 
Prcmna, 464 
Prasopora, 332 
Preatya, 763 
Precoma, 472 ' 
Prenaster, 29o 
Prestwictua, 774 
P Ha mux, 561 
Pnmitia, 738 
Primitiella, 737 
Primnoa, 110 
Pnonastrea, 98 
PnomoduK, 140 
Prionomynnex, 80G 
Prionotropis, 672 
Priscochiton, 612 
Prismodictya, 60 
Prismopora, 846 
Pnstwgmptus, 132 
Proarcetes, 642 
Froavites, 644 
Probeloceras, 631 
Probolaeum, 512 
Probolmm, 726 
Proboscidella, 391 
Proboscma, 319 
Procardia, 466 
Procarmtes, 685 
Procercupis, 819 
Procentes , 663 
Proclivormnus, 213 
Prodromites, 684 
Prodryas, 815 
Producta , 390 
Productella, 889 
Productus, 390 
Proetus, 721 
Froflschena, 474 
PrographvJwna, 110 
Prohemerobius, 813 
Proidotea, 758 
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ProisocnnuK, 232 
Pi’oiovellania, 610 
Proleamtes, 632 
Prohbyhea, 815 
Prolimulub, 774 
Prolobella, 462 
Prolobites, 629 
Prolucma, 486 
Prolystra, S15 
Promacrus, 43S 
Pi'amathilda, 587 
Promedlicottia, 633 
Promelocrmus, 190 
Pronanmtes, 636 
Promtes, 392 
Pronoe, 492 
Pronoella, 492 
Pronontes, 633 
Propeamusium, 458 
Propmacoceras, 633 
Proplanulites, 664 
Proptychites, 645 
Propygope, 404 
Proncans, 754 
Prorokia, 472 
Proscorpius, 788 
Piosocoelus, 472 
Prosodacna, 490 
ProHopon, 705 
Prososthema, 545 
Prospondylus, 459 
Prosserella, 412 
Protalochiton, 512 
Protaraea, 112 
Protaster, 254 
Protasteracantluon, 249 
Protaxocrmus, 205 
Proteocystites, 150 
Proteroblastus, 156 
Proterocidaris, 306 
Protettxuihs , 53 
Proteusites, 640 
Protholotuna, 313 
Prothyris, 438 
Proticluntes, 142 
Proto , 546 
Protobactntes, 599 
Protobalanus, 746 
Protoeardia, 490 
Protocans, 732 
Protondnris , 306 
Protocimex, 820 
Protocrimtes, 156 
Protocnsma, 320 
Protocycloceras, 599 
Protocystis, 151 
Protodicoras, 454 
Protolimulus, 774 
Protolmdema, 810 
Protolycosa, 790 
Protoma, 546 
Protomya, 439 
Protonerita , 534 
Protomcc, 390 
Proto palaeaster, 248 
Protopharetra, 105 
Protopkasma , 801 
Protophragmoceras, 012 
Protopilio, 791 
Protoretepora, 341 
Protorhynclia, 396 
Protorthis, 380 
Protoschizodus, 472 
Protoscolex, 137 
Protosiphon, 876 
Protosolpuga, 789 
Protospongia, 60 
Protoaycon, 71 
Protovxirthin, 521 
Protozyga, 408 
Protrachyceras, 648 
Proutella, 347 
Frunocystis, 155 
Psammhelia, 95 
Psammobig, 495 
Psammocarcmus, 767 


Psammoholen, 495 
Psecadia, 815 
Pselioeeras, o06 
Psephidia, 494 
Pseudalana, 549 
Pseudamusium, 458 
Pseudedmondia, 484 
Pseudenphyla, 474 
Pseudoastacus, 763 
Pseudobelus, 6S2 
Ft,eiuIoee? ithtum, 549 
Psoudochaetets, 118 
Psendoeularis, 275 
Psevuloerania, 379 
Pseudocrmtes, 153 
Pseud ocy there, 739 
Pseudodiadema, 277 
Psendodiceras, 477 
PseudofosmriLh, 533 
Pseudogalathea, 757 
Pseudoglossothyns, 404 
Pseudoglyphaea, 762 
Pseudobomera, 340 
P&eudokmgena, 406 
Pseudolmgula, 374 
Pseudoliva, 556> 
Pseudomelama, 537 
Pseudometoptoma, 378 
Pseudomonotis, 448 
Psendonautilus, 603 
Pseiuloney inea, 549 
PseudontscuR, 777 
Pseudopedina, 278 
Pscudoplacurm, 461 
Pseudoplocoscyphia, 54 
Pseudosageccras, 634 
Pseudoscalites, 539 
Pseudosirex, 806 
Pseudosphaeroxochus, 721 
Pseudosquilla, 768 
Pseudostichopus, 313 
Pseudotoma, 563 
Pseudotropites, 660 
PseudosMimpe, 820 
Psiloceras, 055 
Pmlodon, 490 
Pailoniya, 469 
Ptenoceras, 605 
Pteria, 447 
Ptermcopecten, 457 
Pterinea, 444 
Pterocans, 754 
Pterocera, 552 
Pterocerella, 551 
Pterocluton, 512 
Pterocodon, 44 
Pterocoma, 237 
Pterucnnus, 230 
Pterodonta, 552 
Pteronautilua, 606 
Pteromtes, 448 
PteranatuH, 558 
Pteroperna, 44S 
Pterophloios, 389 
Pteropora, 346 
PteropsiH, 498 
Pterolboca, 571 
PterotocrmuH, 201 
Pterygometopus, 727 
Pterygotus, 784 
Ptilocella, 340 
Ptilocrmus, 238 
Ptilodictya, 344 
Ptilograptus, 128 
Ptilopora, 342 
Ptiloporella, 342 
Ptiloporina, 342 
Ptilotrypa, 345 
Ptychagnostus, 710 
Ptycliarcestes, 642 
Ptycbites, 637 
Ptycbocaris, 752 
Ptychoeeras, 653 
Ptychocladia, 318 
Ptychocrinus, 187 
Ptycliodesma, 449 


Ptychomphalus, 524 
Ptychomya, 474, 493 
Ptychonema, 339 
Ptychopana, 715 
Ptychopyge, 719 
Ptychostoma, 536 
Ptychostylus, 54S 
Ptygmatis, 549 
Ptyssoceras, 605 
Puella, 439 
Pug mi) cuius, 571 
Pugnax, 398 
Pugnellus, 552 
Pugnoides, 398 
Pugnus, 5b7 
Pulehellia, 671 
Pullastm, 493 
Pulsellum, 510 
Pulvmulma, 33 
Puncturella, 526 
Pupa, 570 
Pupillaea, 526 
Purpura, 558, 558 
Purpuima, 539 
Purpuroidea, 539 
Pustulana, 537 
Pustulopom, 320 
Puzosia, 667 
Pycmartter, 250 
Pycnocrmus , 189 
PyonodanUi, 450 
Pycnolithus, 112 
Pycnomphalus, 532 
Pycnopegma, 56 
Pycnopliyllum, 84 
Pycnosaccus, 203 
Pygaster, 285 
Pygaulus, 289 
Pygites, 403 
Pygocardia, 472 
PygocephaluK, 750 
Pygope, 403 
Pygorhynchus, 290 
Pygnrus, 201 
Pyramidella, 537 
Pyrazus, 550 
Pyrenella, 550 
PyrgvL, 116 
Pyrgidium, 545 
Pyrgoma, 747 
Pyrgula, 545 
Pyrguliler, 547 
Pyrgulifera, 547 
Pyi'icavea, 326 
Pyrnia, 289 
Pyritonema, 62 . 
Pyrocystites, 150 
Pyi'ogopolon, 508 
Pyrula, 555, 557 
Pythma, 488 
Pythiopsiis, 574 
Pyxidoonnus, 194 
Pyxi% 390 

Quebecia, 375 
Quenstedtia, 116, 494 
QuenHtedtoceras, 663 
* Quinguelomhna, 38 
Quoyia, 540 

Jiadiocaven, 326 
Radiofascigera, 323 
Hadiohtes, 481, 482 
Radlopora, 326 
Badula, 460 
Rafinesquma, 384 
Ramulina, 31 
Panella, 555 
Rangia, 49S 
Ramella, 765 
I Ramua, 765 
Ramnoides, 765 
Rrfipana, 558 
Raphidia, 812 
Rapluopliorus, 712 
Raplnstoma, 527 
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BapliiHtomella, 524 
Raphwtomma, 528 
Baphitoxna, 504 
RoKtntQH, 182 

BooepteonlitAH, 78 
Jtactour, 769 
Keoula, 797 
Eedliokella, 870 
Redorna, 440 
Regina, 489 
Rwflmgites, 647 
Remeckia, 660 
Remeleoeams, 607 
Remondia, 474 
Remopleundea, 717 
Rensselaena, 400 
•BennsZandta, 401 
Reophax, 20 
Reptaria, 320 
Repbelea, 824 
Reptocavea, 824 
Reptocea, 828, 826 
Reptoceritites, 824 


Rliombina, 741 

Bhombol>S»r?a, 444 
Rhombotiypa, >887 
Uhopaloooma, 201 
Kkopalocrmua, 200 
Rhopalonoria, »i7 
Rhynclndia, 688 
Rliynoliomya, 460 


Reptomulticava, 826 
Reptomulttolansa, 825 


ReLo£ra ^820 

Retdea, 826 
Retenoa. 822 
Reteocrums, 180 
Retepora, 858 
Reteporina, 842 
Reticulana, 412 
Retaculipora, 325 
Retiograptus, 181 
Refaoutea, 132 
Retuaa, 568 
Ratzla. 414 
Rhabdaimnina, 24 
Bhabdoceocaa* 649 
Rhabdocidaiia, 278 
Rhabdomeson, 848 
RhaMophyllia, 99 
Rhabdopleura, 689 
Rhabdoalspongia, 60 
Rhabdua, 509 
Rhacodiscula, 55 
Rhacophyllites, 652 
Rhadinoceraa, 604 
Rhadinocrlnnfl, 221 
Rhaertina, 408 
Rhagadmia, 55 
Rhagasostoma, 851 
Rhaphanocnnub, 187 
Rhaphidonema, 71 
Rhectocyma, 472 
Rlonaeautha, 658 
Rhmeceras, 604 
Rhimdiotya, 845 
Rhino bolus, 873 
Rhmohnssns, 297 
Rhmocans, 758 
Rhinoclama, 470 
Rhmopora, 347 
Rhipiaocardium, 446 
Rhipidocnnub, 189 
Rhipidooystis, 150 
Mipuiotjorgia, 110 
Rhipidogyra, 102 
Rhipidomella, 882 
Rhipiodomys, 882 
Rhipidopora, 821 
Rhizammina, 24 
Rhizangia, 97 
Ehizocnnus, 329 
RhiaophyUum, 88 
Rhizoporidium, 121 
Rhizopotenan, 06 
Rhizostomites, 184 
Rhodaraea, 100 
Bhodocnnus, 188 
Rhodophylluu- 86 

JRJioechvnuSf 806 
J Hhomb^fsra, 207 


RhynchonelHna, 899 
Rhynohopara, 898 
Rhynchoporina, 898 
Rhynohora, 408 
Rhynohonna, 408 
RJiynchorthoceras, 601 
Rhynohospira, 414 
Ithynchostreon, 450 
Rhynohotetra, 898 
Rhynchotrema, 890 
Khynehotreta, 897 
Khyncopygus, 290 
Rhytimya, 465 
RibeireUa, 782 
Ribeiria, 782 
RiohtbofBnia, 891 

RioiniUa, 668 

Rimella, 568 
Rimula, 526 
Ringioula, 567 
Rlngmella, 667 
Riasoa, 546 
Riesoina, 545 
Rizoceras, 610 
RoceUnnn, 600 
Roemeraater, 261 
Roemerella, 878 
Roemenspongio, 61 
Roemeroceras, 671 
Romingema, 116 
Romingenna, 401 
Roatellana, 652 
Rostellites, 501 
Rostranteru,, 408 
Rotolia. 88 
Rotella, 582 
Rotellina, 582 
Rothpletxia, 541 
Rotuhu 288 
Ronaultia, 508 
Roudairm, 471 
Rowleyelli, 408 
Runa, 287 
Rupertia, 83 
Rnstella, 870 
Rutoceras, 60S 
Rulotia, 448 
Ryderin, 469 
Ryticeraa, 608 

Saocammina, 25 
Saocdblnetua, 170 
SaccooanB, 751 
Saococoma, 289 
Saccocnnus, 194 
Saccorhiza, 25 
Saccospongia, 67 
•Soctocaros, 608 
Sagda, 576 
Sageceraa, 684 
Saganites, 689 

Bft gftmnw. ) 26 

Sagenocnnus, 204 
Sagitta, 185 
Sarntia, 461 
Salenia, 279 
Salicomarvi, 848 

HalmAniB 9g2 

SalpmgostonuL 621 
Salteraster, 249 
Salterella, 572 
Sampsonocnnus, 197 
Sanabergena, 550 
SandUngites, 648 
Ban g uinola ra , 495 
Sangumolitet), 488 


SannitmUrn, 595 
Bao. 715 
BanmtleUH, 529 
Bueicava, 499 
HoaudomuH. 493 
Bcaeclnuttlla, 8H7 
Snuwln, 581 
Soal&ria, 588 
Scalaripora, 846 
Scaldia, 484 
Scalites, 027 
Bcalpellum, 746 
Bcambula, 474 
Scapha, 601 
Scaphander, 568 
Scaphanidia, 688 
Soapharca, 448 
Scaphella, 661 
Scapheus, 768 
Soapluocoelia, 401 

i Scaphtocnnub, 222, 225 
Bcapintes, 670 
Scaphula, 448 
Bearabus, 574 
Soenella. 520 
Scenellopora, 328 
Boenidium, 398 
Sceptropora, 848 
Schellwienella, 880 
Schiosia, 479 
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Sphaerella, 487 
Sphaerexochus, 725 
Sphaenola, 487 
Sphaerium, 475 
Sphaewbolns, 371 
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Stenocnnus, 212 
Stenodietya, 796 
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Steuopora, 335 
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Stepliauophyllia, 105 
Stereocnnus, 191 
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Sticliopora, 350 
Stictoedla, 346 
Stictopora, 345, 345 
Stictoporella, 345 
Stictopondra , 340 
Stictoporma, 345 
Stictotrypa, 347 
Stigmatopygus, 290 
Stivochinus, 282 
Sti'ipul ina, 4CS 
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Stolleya, 51 
Stolopsyche, 815 
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Stomatella, 528 
Stomatia, 528 
Stomatopora, 319, 319 
Stomatopsis, 547 
StomeclunuH, 278 
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Strabops, 781 
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Streblites, 659 
Streblotrypa, 344 
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Strenuella, 717 
Strephodes, S7 
Strepsidura, 557 
Streptaster, 159 
Streptelasma, 82 
Streptis, 387 
Streptoeeras, 611 
Streptocrmus, 221 
Streptorhynchus, 387 
Strepula, 73S 
Stnatopora, 114 
Stnbalucystis , 153 
Stricklandima, 395 
Stngatella, 560 
Strigilla, 494 
Stngocaris, 751 
Strigoceras, 658 
Strmgocephalus, 401 
Strobaeus, 530 
Strobilepsis, 744 
Strobilocystites, 164 
Strobilospongui, 62 
Stroboceras, 604 
StromatocystiH, 159 
Stromatoinorpha, 106 
Stromatopora, 123 
Stromatoporella, 124 
Stromatotrypa, 339 
Strombodes, 86 
Strombus, 552 
Strongylocentrotus, 2S2 
Stropbalosia, 891 
Stropheodonta, 385 
Strophiceias, 60S 
Strophoelieilus, 576 
Strophocrmus, 217 
Strophomena, 38 C 
Stroplionella, 3S5 
Strophostoma, 540 
Strophostylus, 530 
StrotoeriiiUH, 198 
Strotopora, 330 
Strutluolana, 552 
Studena, 290 
Stuorella, 524 
St-uria, 637 
Stylaraea , 112 
Stylaster, 120 
Stylastraea, 98 
Styhixw, 86 
Stylma, 100 
Styliola, 570 
Stylocoema, 101 
Stylocora, 07 
Stylocrmus, 209 
Stylodictyon, 124 
Stylohelia, 96 
Stylonurus, 788 
Stylo phora, 06 
Stylophyllopsis, 97 
Stylophyllum, 07 
Stylotrochus, 94 
Styracoteuthis, 683 
Subclymema, 604 
Subcinargmula, 520 
Subulites, 537 
Suecocems, 505 
Suessia, 413 
Sulcocava, 320 
Sulcuua, 741 
Sunetta, 492 
Su2>ereytix, 823 
Surcula, 563 
Sutueria, 603 
Swantonia, 392 
Sycoceras, 611 
Sycoeystitex, 154 
Sycum, 559 
Symbathocrinus, 209 
Symphyllia, 90 


Symphysurus, 719 
Syiityhytocrinus, 239 
Sympterura, 255 
Synaplie, 738 
Synapta, 313 
Syneyclonema, 458 
Syndosmya, 495 
Syueroennus, 205 
Synhelia, 95 
Synoeladia, 342 
Synodontites, 482 
Synopella, 71 
Syntrielabim, 383 
Syntrophia, 302 
Sypbaroptera, 807 
Syringoeeras, 602 
Synngociinus, 151 
Synngolites, 114 
Syrnigopleum , 411 
Syrmgopora, 116 
Syringosphaena , 121 
Syrmgospira, 411 
Syrmgostroma, 124 
Syrmgothyris 411 
Syrnola, 537 
Systrophoceras , 601 
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Taeniodietya, 345 
Taeniopora, 346 
Tagelus, 495 
Tamoeeras, 605 
TalaroerinuH, 201 
Tanaocnnus, 193 
Tancredia, 484 
Tanysiphon, 494 
Taonurus, 141 
Tapes, 493 
Tarphyceras, 600 
Tarsopblebia, 810 
Tarsopterua, 734 
Tauredon, 804 
Ttmrima, 556 
Tawrorems, 453 
Taxocnnus, 205, 206, 221 
Taxonus, 806 
Tealliocaris, 757 
Technocrmus, 191 
Tecbnopliorus, 733 
Tecticavm, 325 
Tectum, 520 
Tectus, 531 
Tegula, 532 
Tegulxfeni, 391 
Temostoma, 532 
Telescopium, 550 
Teliocnnua, 197 
Tellidora, 494 
Tellina, 494 
TeUmmya, 440 
Tellinopais, 439 
Temneclnnus, 282 
Temnocbeilus, 605 
Temnoenlans, 274 
Temnocnnus, 204 
Temnopleurus, 282 
Temnotropsis, 525 
Tenea, 487 
Tenka, 444 
Tentaculites, 572 
Tentlire<lo, 806 
Terataspsis, 722 
Terebella, 138 
Terebellana, 325 
Terebellum, 552 
Terebra, 562 
Terabratalia, 406 
Terebratella, 408 
Terebratula, 403 
Terebratulina, 404 
Terebratuloidea, 898 
Terebnpora, 317 
Terebnrostra , 406 
Teredma, 501 
Teredo, 501 
Teredolifces, 501 
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Tetmka , 444 
Tetraeamera, 39S 
Tetraehela, 762 
Tetracidans, 274 
Tetracrinus, 540 
Tetiractinella, 41 S 
Tetracystis, 154 
Tetradella, 73S 
Tetragonites, 652 
Tetragonoceras, 606 
Tetragraptus, 129 
TetiUineres , 612 
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Tetramorion , 012 
Tetranota, 522 
Tetrapvgus, 2S1 
Tetr aster, 248 
Tetra taxis, 29 
Teuthopsis, 688 
Textularia, 27 
Thais, 558 
Thalamopora, 33, 71 
Thalassma, 764 
ThaZassites , 452 
Thalassoceras, 637 
Tbalassocnnus, 238 
Thaleops, 720 
ThaZlocrvnus, 199 
Thamnastena, 103 
Thauinastrea, 103 
Thammscus, 341 
Thamnodictya, 61 
Thamnophyllum, 84 
Thamnotrypa, 346 
Thaumastocoelia, 71 
Theca, 571 
Thecidea, 365, SS8 
Theeidella, 388 
Thecidiopsis, 388 
Thecidium, 388 
Thecocyathus, 95 
Theeoeyrtella, 413 
Thecocystis, 159 
Thecosiphonia, 55 
Thecosmilia, 99 
Thecospira, 419 
Thecostegitas, 117 
Thdphusa, 767 
Thenarocrmus, 215 
Theonoa, 322 
Thetsitea, 552 
Thiara, 547 
Thiemella, 382 
ThioIIiencrinus, 234 
Thlipsura, 739 
Tholiasterella, 62, 63 
Tholopora, 326 
Thomasina, 374 
Thomisus, 790 
Thoiaeoceras, 600 
Thracia, 467 
Thrmoceras 604 
Tlirips, 800 
Thurammma, 25 
Thurmannia, 669 
Thyasira, 487 
Thylacocrinus, 189 
Thylacodes, 547 
Thymnocetxis, 652 
Thysanocrinus, 187 
Thysanodictya, 61 
Thysanopeltis, 720 
Tfiysanotus, 371 
Tiaiacrmus, 158 
Tiarechinus, 29S 
Tibetites, 635 
Tibiella, 571 
Tichogonia, 463 
Tilesia , 322 
Trmamtes, 631 
Tindana, 441 
Tmoporus, 33 
Tirolites, 648 
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Tivela, 493 
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Tomocheilus, 539 
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Tonicia, 518 
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Torellella, 672 
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Tormocrmus, 241 
Tomatella, 565 
Tomatellea, 565 
Tomatina, 568 
Tomoceras, 630 
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Torynocrmus, 240 
Toucasia, 477 
Tournouena, 545 
Toxaster, 294 
Toxometra, 237 
Toxopneustes, 282 
Trachyceras, 648 
Trachydermon, 513 
Trachydomia, 5S9 
Trachynerita, 53 9 
Traehyodon, 513 
Trachypora, 114 
Trachysagemtes , 639 
Trachyteuthzs, 687 
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Trapezium, 472 
Traumatocrmus, 225 
Txemaholites, 68 
Tremadietyon, 63 
Trematella, 335 
Trematis, 377 
Tremato bolus, 376 
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Trematocystis, 155 
Trematodiscus, 604 
Trematonotus, 521 
Trematopora, 339 
Trematopygus, 290 
Trematospira, 414 
Tremopora, 349 
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Trepospira, 525 
Tresus, 498 
Tretaspis, 711 
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Tretospira, 539 
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Tnarthrus, 715 
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Triboloceras, 604 
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Tnchites , 446 
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Trichoptendium, S14 
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Tndacna, 490 
Trifons, 550 
Trigena, 401, 414 
Tngondictya, 346 
Tngonella, 406 
Trigonellina, 405 
Trigonia, 457 
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Tngonocrinus, 241 
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Tngonodus, 452 
Tngonosemus, 406 
Tngonotarbus, 791 
Trigonotreta, 410 
Tngonulina, 469 
THloculina, 33 
Trimerella, 373 
Trimeres, 612 
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Tnnacna, 442 
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Tnplosoba, 808 
Tripneustes, 282 
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.Trochiscolithus, 112 
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Trochocyathus, 94 
Trochocystites, 150 
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Trochonema, 530 
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Trochotoma, 525 
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Trophon, 558 
Tropiceltiten, 640 
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Tropidoleptus, 385 
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Tropidopora, 344 
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Truncatula, 323 
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Tubma, 541 
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Turbnulopsis, 539 
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Turbomlla, 537 
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Turnus, 501 
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Tnmlites, 654 
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Tumtoma, 525 
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Vcniolla, 472 
Vimilicardia, 472 
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Zaplirnntis, S3 
Zeacmius, 223 
Zeillena, 400 


Zellama, 405 
Zemira, 557 
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